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SUMMARY

This report summarizes biological information gathered in
conjunétion with an Endangered Species Act (ESA) status review

fdr coho salmon (Oncorhvnchusrkisutch) from Scott Creek and

' Waddell Creek in Santa Cruz County, California. The Naﬁional
Marine Fisheries Service (NMFS) received a petitioq in March 1993
asking_that the coho populations of Scott and Waddeil Creeks be
listed as an endangered species. In evaluating the petition, two
key questions had to be addressed: Do Scott Creek and Waddell
Creek coho salmon represent a species as defined by the EéA? And
if so, is- the species threatened or endangered? With respect to
the first question, the ESA allows listing of "distinct
population segments" of vertebrates as well as named species and
subspecies. NMFS policy on this issue for Pacific salmon is that
a population will be considered "distinct!" for the purposes of
the ESA if it represents an evolutionary sigﬁificaqt unit (ESU)
of the species as a whole. To be'consiaered an ESU, a population
ar group of populations must 1) be substantially reproductively
isolated from other populations, and 2) contribute substantiallg
to ecological/genetic diversity of the biological species. Once
an ESU is identified, a variegy of factors related to population
abundance and factors affecting its continued existénce are

" considered in determining whether a listing is warranted.

The petitioners argued that Scott and Waddell Creeks

represent the last streams south of San Francisco Bay to support




coho populations, and geographic isolation (greater than 50
miles) from coho streams north of San Francisco Bay qualifies the
coho populations of Scott and Waddell Creeks as an ESU.
Distinctive life history and habitat characteristics were the
primary factors identified by the betitioners as evidence that
Scott and Waddell Creeks contfibute sﬁbstantially to the species
ecological/genetic diversity. The petitioners also stated that
several factors have lead to the decline of coho salmon in Scott
and Waddell Creeks including: habitat degradation, over-
exploitation, disease, stream dewatering, poaching, lagoon
constrictions, in-river competition with other fish species, an&
excessive predation by marine maﬁmals. Furthermore, the
petitioners stated that Scott and Waddell Creeks have a 90
percent reduction of their average runs of 50 years ago, and .
dec;inés of 95 percent to 98 percent from estimated runs in the
1800's, which was evidence to the petitioners that the
populations qualified for listing under the ESA.

In evaluéting the status of Scett and Waddell Creek’s coho
salmon, NMFS focused on information for coho- salmon populations
from the central and northern california coasts. NMFS concluded
that the available information does not make a strong case for
reproductive isolation of Scott énd Waddell Creek’s coho salmon
populations. Genetic data gathéred-for this status review fail
to show that Scott Creek and Waddell Creék coho salmon as a group
are distinct from other coastal coho populations. Although this

does not prove that Scott Creek and Waddell Creek cocho salmon are
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not réproducﬁively isolated, it does mean that evidence to

suppbrt reproductive isolation must be found elsewhere.

Currently, NMFS is conducting a coastwide status review of coho
salmon populations in California, Oregon, Washington, and Idaho
which may establish the degree of stock differentiation that now

exists throughout Pacific coast watersheds.
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INTRODUCTION

Coho salmon (Oncorhynchus kisutch) are anadromous along the
Pacific coast from Chamalu Bay, Mexico (Miller and Lea 1972), to
Point Hope, Alaska, through the Aleutians, and from the Anadyr
River, USSR, south to Hokkaido, Japan (Scott and Crossman 1973) .

In California, coho salmon historically used most of the
accessible coastal stredms from Monterey County north to the
Oregon border (Hassler et al. 1591). 'However, coho salmon no
longer occur in many streams and their numbers are greatly
reduced in others (Brown and Moyle 1591). The California
Advisory éommittee on Salmon and Steelhead Trout (1988) found
that coho salmon run sizes have decreased by 80% to 90% from the
1940’s. Moyle et al. (1989) listed ccho salmon as a specieé of
special cancern in california. They classified coho salmon as a
Class 3 species, meaning that it is currently an uncommon species
throughout wmuch of its natural range, but formally more abundant,
with pockets of abundance within its range. The American
Fisheries Society listed 214-native naturally spawning.stocks of
anadromous salmonids that are declining, and rated their risk of
extinction in the near future (Nehisen.et al.‘1991). california
coho salmon populations south of San.Francisco Bay were rated at
a high risk of extinction. Currently all streams south of San
Francisco Bay have lost their natural spawning populations of
coho salmon, except Scott and Waddell Creeks in Santa Cruz County

(Brown and Moyle 1991, Marston 1992, Smith 1992, Nelson 1993).



In response to indications that the poﬁulations within Scott and
Waddell Creeks aré declining, the Santa Cruz County Fish and Game
Advisory.cémmissidn conducted a year of investigations and three
local public hearings. At the request of the Santa Cruz County
~Fish and Game Advisory dommission, the Santa Cruz County Planning
Départment prepared and on March 11, 1993 submitted a petition to
the National Marine Fisheries Service (NMFS) to list the coho
salmon populations of Scott Creek and Waddell Créek as endangered
(Santa Cruz éounpy Planning Department 1993) under the U.S.
Endangered Species Act (ESA or Act) of 1973 as amended (U.S.C.
1531 et seg.). ©On 18 June 1993, NMFS published (58 FR 33605) its
intent to conduct a status review of California'cohé salmon
stocks occurring in Scott and Waddeil Creeks. This report
summarizes this status review of coho salmon in Scott and Waddell

Creeks conducted by the NMFS Southwest Region.




KEY QUESTIONS IN ESA EVALUATIONS
' Two Key questions must be addressed in determining whether a
listing under the ESA is warranted:
h 1) Is the eﬁtity in question a "species" as defined by the

ESA?

2) If so, is the "species" threatened or endangered?

The-“Species" Question
As amended in 1978, the-ESA allows listing of "“distinct
population éegments“ of Vértebrates as well as named species and
subépecies. However, the Act provides no specific guidance for
. determining wﬁat constitutes a distinct populatitc;nr and the
resultiné ambiguity -has led to the use of é'§ariety of criteria
in listing decisions over the past decade. To clafify the issue
for Pacific salmon, NMFS published a policy (56 FR 58612)
describing how the ageﬁcy will apply the definition-of "speciesh
in the Act to anadromous salmonid species (NMFS 1991). The NMFS
policj stipulates that a salmon population (or a group of
populations) will be conéide:ed udistinct! for the purposes of
the-Act if it represents an evolutionarily sigﬁificant unit (ESU)
of the biological species (Waples 1991). An ESU is defined as a
population that 1) is reproductively isolated from conspecific

populations and 2) represents an important component in the



- evolutionary legacy of the species. Types of information that

can be useful in determining the degree of repreductive isolation
_include ;ncigence of straying, rates of recolonization, degree of
genetic differentiation, and the existence of barriers to

- migration. Insight into evblutionary signifiéance can be
provided by data on phenotypic, protein, or bNg characters; life-
history characteristics; habitat differences; and the effects of

stock transfers or supplementation efforts.
Thresholds for Threatened or Endangered Status
- Neither NMFS notr the U.S. Fish and Wildlife Service (USFWS),

which share authority for administering the ESA, has an official

policy regarding thresholds for considering ESA "specles" as

threatened or endangered. ' NMFS has published a nonpolicy
doéument on this topic (Thompson 1991}. ' There is considerable
interest in incorporating the concepts of Population Viability
Analysis (PVA) into ESA threshold considerations for Pacific
salmon. However, most of the PVA models require substantial
life-history iﬂformation that often will not be available for
Pacific salmon populations. |

Therefore, NMFS considers a variety of information in
evaluating the level of risk faced by an ESU. Important factors
include 1) absolute numbers of fish and their spatial and
temporal distribution: 2) current abundance in relation to

historical abundance and current carrying capacity of the




habitat; 3) trends in abundance, based on indices such as dam or
redd counts or on estimates of spawner~recruit ratios;. 4) natural

and human-influenced factors that cause variability in survival

.and abundance; 5) possible threats to genetic integrity (e.g.,

from strays or outplants from hatchery programs); 6) recent
events (e.g., drought) that have predictable short-term
consequences for abundance of the ESU (Waples 1591).

Hatchery Fish and Natural Fish

Artificial propagation of Pacific salmonids has been

‘ widespréad for many years. Hence, hatcﬁery influences need teo be

considered in salmonid ESA status reviewsi The ESA has as its
first stated purpose "to provide a means whereby the ecosystem
upon which endangered and threatenéd species depend may be
conserved." The Department of Commerce is mandated to conserve
endangered and threatened species in fheir natural habitats.

NMFS policy stipulates that in determining whether a populatiﬁn
is "distinct" for the purposes of the ESK, attention should be
focused on "natural' fish, which are the progeny of naturally
spawning fish (Waples 1991). This approach directs attention to
fish that spend their entire life cycle in natural habitat and.is
consistent with the mandate of the ESA to conserve threatened and
endangered species in their native ecosystems. Implicit in this
approach is the recognition that fish hatcheries are not a

substitute for natural ecosystems.



The decision to focus on natural fish is based entirely on

ecosystem consideration; the question of the relatlve merlts of
hatchery versus natural fish 'is a separate issue. Fish are not
exgludéd from ESA consideratioﬁ simply because some of their
direct ancestors may have speﬁt time in a fish hatchery, nor does
idéntifying a group of fish as "natural" as defined heré
automatically imply that they are part of an ESU.

Once the natural component of a population has .been
identified, the next step'is to determine whether this population
component is "distiﬁct" for the purposes of the Act. In making
this determination, we used guidelines in the NMFS "Definition of
a Species" paper (Waples 1991). We considered factors outlined
in fhg section entitled "Effects of artificial propagation and

other human activities' to determine the extent to which

artificial propagation may have affected the natural fish, ) .
through either‘airect supplementation  or straying of hatchery
fish. Therefore, fish meeting the definition of "natural"
adopted here could be excluded from ESA consmderatlon.

Threshold determlnatlons also will focus on natural flsh, on
the premise that an ESU is not healthy unless a viable population
exists in the natural habitat. If an existing hatchery is
associated with the listed "species", an important question to
address in formulating a ‘recovery plan is whether the hatchery
population is similar enough to the wild population that it can
be consideréd part of the ESU. Factors to consider in this

regard include origin of donor stock(s), evidence for




e

et m——————— n

domestication or artificial selection, population size, and the
number of generations the stock has been cultured. In general,
hatchery populations that have been substantially changed as a

result of these factors should not be considered part of an ESU,
PETITION TO LIST SCOTT AND WADDELL CREEK’S COHO SALMON

This section summarizes claims made by the petitioner (Santa
Cruz Planning Department 1993) to support the:designation of
Scott and Waddell Creek’s cohotsalmon as an ESU} and tp.support_
the. listing of that ESU under the.ESA. Organization of this
section, and references to the criteria of Reproductive Isolation
and Evolutionary Significance, follows that of the petition.
After discussing infdrmation relevant to each of these issues in
the next section of.this status review, we evaluate the mérits of
#he petitioners’ arguments in the Discussion and Conclusions

[l

section.
Reproductive Isolation-

Geographic Isolation ' . .

Distance to nearest coho populations: The petitioner
referenced Waples (1991) and Riéker‘(lQ?Z) and stated "because
all streams south of San Francisco Bay have lost their runs of
coho salmon, and the central coast coho are separated by 50 miles

from any other northern California coho stream, they may be



considered a genetically isolated stock of Pacific salmon' (Sanﬁa

Cruz County Planning Department 1993, p.3).

Genetic Differences

North-south genetic differences: The petition cited Bartley
(1987}, who conducted electrophoretic analyses on several
" california séreams and found 0.00 heterozygosity for cocho salmon
in Scott Creek. The petitioner stated that this genetic
difference presumably reflects reproductive isolation from coho
salmon populations in ndrthern California (Santa Cruz County

Planning Department 1993, p.23).

Life History Traits

Timing of peak spawning: The petitioner cited Shapovalov

and Taft (1954), who indicated that in Waddell Creek, peak
spawning takes place between 15'January and 15 February,'ahé
spawning migrations often do not begin until late November or
Décember. The petitioner cited Sandercock (1991) who stated
_"that in Oregodn streams, spawning can occur as late as March, if
dfought conditions delay rains or runoff." Smith (1§91) was also
cited as finding the same conditions on Scott and Waddell Creeks
(Santa Cruz County Planning Department 1993, p.9). The non-
native hatchery coho used within Santa Cruz County were derived
from stre;m habitats that are dissimilar from local streams
(northérn'California, Oregon, and Washingfon), and differences in

spawning run times, -poor spawning conditions, warmer water, and




high sediment 1bads-crea£e‘special conditions thaﬁ requife
adaptations which few other anadromous fish possess (Santa Cruz
County Plannlng Department 1993, p.S5). The success of early fﬁn
coho in accessing spawning grounds during the early fall perlod
is poor due to the closure of the river mouths by sand bars
(Shapovalov and Taft 1954, Smith 1990 as -cited in Santa cfuz
Counﬁy Planning Départment 1993, p.5). survival of eggs in these
early run goho spawning redds is also poo#.due to the disturbance-
of the extremely mobile bedioad and high sediment input from
sto;ms-fﬁat occur ffom Dedember to as late as March and April"
(Smith 1992 as cited in Santa Cruz County Planning Department

1993, p.5).
Evolutionary Significance

Habitat Characteristics

The petitioner stated that "central coast coho salmon
survival is much more tenuous due to the extreme, physical,
climatic, and hydrclogic factors found within the far southern
eﬁd of their range" (Saﬁta Cruz County Planning‘Department 1993,
p.8); The petitioner felt that native éentral coast coho salmon
populations are bettef adapted to survive in the unstable

conditions found within the local watersheds.



Distinctive Life History Traits

Body Size at First Spawning: The petitioners stated that
there is a positive correlation between'feéundity and size of
female, and the average egg production of 2700 shows the smaller
average size of central coast ccho" (Santa Cruz County Planning

Departmént 1993, p.9).

Effects of Hatchery Fish

‘The pétitiéners staﬁed that "sincg hatcﬁefy plants from
outside sources were discontinued 22 years ago, the remaininé
ccho salmon runs on Scott and Waddell Creeks appear to be
remnants of those "native" coho that could survive both the
negative effects of the hatchery plantings and some minor genetic

mixing from sporadic fingerling plants" (Santa Cruz County

Planning Department 1993, p.7). With sporadic fingerling plants,
it is unknown whether these hatcliery coho survive to return and
mix with the wild coho at rates high énough to influence the wild
populations genetic ﬁakehp because of the reduced survival of
coho transplants from foreign streams (Reisenbichler 1988 as
cited in Saﬁta Cruz County Planning Department 1993, p.S5}).
Mcﬂghon (1983)7was cited to show that hatchery reared coho smolts
have not shown the same tenacity for producing adult. returns as
have naturally produced fish. The petitioners argued that "the
poor survival rate of hatchery plants in general compared to the
5%.to 30% survival rate of natiﬁe coho reported by Shapovalov and

Taft also supports the assertion" (Table 2 in Santa Cruz County

10 @



Planning Department 1993, p.6). The petitioners felt that the
rate of gene influence by hatchery fish should not be considered
adequate to remove. important genetic differences between central

coast coho salmon and north of San Francisco ccho salmon.
-Popuiation Trends

The petitioners stated that "streams north and south of
Scott ‘and Waddell Creeks, but south of-San francisco, have lost
their coho runs completely, and Scott and Waddell Creeks have -
lost over 90% of their average documented runs of 50 years ago."
They also estimated that the ;oho salmon populations wiFhih Scott
and Waddell Creeks have declined 95% to 98% from the historical
runs of the 1800’s (Santa Cruz County Planning Department 1993,
p.1). Tpe,pet@tioners cited a recent study which reported that

only 42 juvenile coho were found in Scott Creek and 19 juvenile

cocho were found in Waddell Creek (Smith 1992).
Factors Listed for cCcho- Salmon Declines.

The petitionefé sta£ed that "several factors have-led to the
decline of coho salmon populations aiong the central california
coastline including: over-exploitation, disease, stream
dewatering, drought copditions, poaching, in-river competition

with other species, lagoon constrictions, and habitat degradation

11



in the lower reaches of Scott and Waddell Creeks" (Santa Cruz’

county Planning Department 1993, p.l).

Ocean Commercial and Sport Take

The petitioners stated that "ocean commercial and sport take
of central éaiifornia cého salmon are established from estimates
of runs from Oregon, northern-california, and Sacramento River
chinook salmon populations, and incidental harvesting of coho
sa}mon from the central,coaéf‘fiéherieé is considered problematic
for the decreased runs on Scott and Waddell Creeks" (Santa Cruz

County Planning Department 12923, p.l1).

Predation

The petitioners stated that "80% of the adult salmon and
steelhead seined at the mouth of the San Lorenzo River have shown
marine ‘mammal scrape marks." The petitioners attributed this
from increased marine mammal populations along the central coast
which prey on éoho thgt are schooling'at the mouths of the rivers
and are unable to enter the rivers due to low flows not breaching

the sandbars (Santa Cruz County Pianning Department 1993, p.2).

In-Stream Competition

The petitioners stated that "in-stream competition/predation
from steelhead, rainbow trout, and sculpins has increased due to
' the lack of flows and deep-water pool habitat in the lower river.

Lack of adequate cover has also increased the predation rates on

12




coho from raccoons, garter snakes, egrets, herons, and

kingfishers" (Santa Cruz County Planning Department 1993, p.2).

Habitat Losses
The‘petitioners stated that "the lack of summer water due to

overuse of drought-limited flow, coupied with a generalized

" degradation of stream habitat due to excessive bedload

accuﬁuldtions, has contributed to the serious decline in quality

coho habitat. Due to clear-cutting and burning, there has been
an elimination of large woody debris nécessary for scouring deep
pools and flushing sediment out of the system" (Santa Cruz County

Planning Department 1993, p.l).

Lack of Adequate Habitat

The petitioners cited Waples and Teel (1990) and. indicated
that "the available habitat on Scott and Waddell Creeks is not
adequate to produce the 4000 to 8000 juvenile c§h9 ﬁeeded to
produce spawning runs of 200 to 400 adults that can sustain the
populations through furﬁher'stochastic‘events" (Santa“c?uZ'Coun£§

Planning Department 1993, p.3).
SUMMARY OF BIOLOGICAL AND ENVIRONMENTAL INFORMATION

Geographic Setting
Scott and Waddell Creeks are adjacent waﬁersheds tﬁat-flow

directly into the Pacific Ocean within 7 km of one another

13



(Figure 1). They are located in Santa Cruz County, approximately

24 km to the north of the City of Santa Cruz, at 37° 6’ N
latitude and 122° 17’ W longitude. The main stem of Scott Creek
is 29 km.loné, has a total of 72 km of tributary length, with a
watershed covering 91 km?. The mainstem of Waddell Creek is 19
km long, has a total of 56 km of tributary length, with a
watershed covering 68 km?. l

The headwaters of both creeks begin in the redwood forests-
of the Santa Cruz mountains at an elevation of 750 m, and
terminate within drowned mouths or lagoons which are‘subject to
tidal action when tﬁey are not closed by sandbars during the
summer-months (Shapovalov and Taft 1954; Smith 1990). The
watersheﬁs receive the majority of direct rainfall between
October and April, with more than half of the rainfall occurring
from December through February. The -headwaters receive an . .
avérage of 152 to 178 cm of rainfall per year, while the coastal
areas average 64 to 89 cm of rainfall per year. Bacause of the
distinct wet and dry seasons, flows range from 150 m/sec during
the winter to summer flows of less than 0.03 m’/sec during
drought periods. Average winter storms can produce flows of 30
m’/sec and summer flows average'between 0.09 m’/sec and 0.15
n@/sec.

These two streams are very diverse in the types of stream
habitats they exhibit. The headwater areas are characterized by
broad meadows with meandering streams and incised bedrock

channels with boulder cascades and waterfalls. These channels

& |




traverse mixed conifercus forests, forming large deep pools and a

turbulent stream that transition into the mainstem areas.

Lower headwater areas are Rosgen A2 and A3 stream types,

_with the mid~sections exhibiting B1, B2, B3, Bl-1 and Cl through

D4 types, and the two lower sectlions exhibiting mostly €1, Ci-1,
Cc3, and C4 stream types (Snider 1989). Scott Creek is composed
of 77% type C, 17% type B, and 6% type A channel; while Waddell
Creek is composed of 52% type C, 47% type B, and 6% type A
channel (Snider 1989). .

The upper main stems of both creeks are\charactefized by
wide stream channels'with fewer pools, and possess gravel and
cobble substrate with.sand‘deposits in slack water areas. The
riparian vegetation along the stream corridor within this area is
comprised of red alder, big leaf maple, buckeye, tan oak,

huckleberry, madrone, and California bay laurel. The lower

‘reaches are low gradient sections with sand and gravel beds, with

riparian vegetatioh consisfing of alder, black cottonwocd,
willows, redwood, douglas fir, and California nutmeg. Shalloﬁ
péols and riffles give way to long pool and glide sections
leading into the lagoons. The‘channels upstream of the lagoons
are dominated by alder and willows, while the lagoons are

surrounded by grasslands and cultivated crops.

15
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Life History

Coho sélmon are native to North America and range ‘throughout .
temﬁerate waters of the northern Pacific Ocean. They are
anadroﬁous and return to spawn in natal streams beginning in
e;rly fall. 1In cCalifornia, céﬁo salmon spawn in coastal streams
aﬁd rivers from Monterey Bay to the Smith River (Fry 1960, Barger
1982).
" There are two basic life history strategies for coho
salﬁbn: short-run populations which utilize the smaller cecastal
stféams and long-run ccho that will ﬁigrate‘up'to 240 km in freéh
water to utilize tributaries of large coastal rivers (Shapovalo§
and Taft 1954). The streams in Monterey Bay, such as Scott and-
Waddell Creeks, support the southernmost populations'of ccho

salmon and are considered short-run coho populations (Brown and

Moyle 1991, Marston 1992, Nelson 1993)}.

Many small coastal streamslin California that have short-run
coho populations are closad by sand bars at their gouths during a
portion of the year, and fish cannot enter the stream until the
sand bar is broken by the first heavy rains (Smith 1990, Hassler
1987). 1In late summer and fall, coho salmon may thus concéntra?e
in the ocean near these streéms (Shapovalov and Taft® 1954).

Coho Salmon begin to enter freshwater in September but
usually enter from October to March, peaking in December and
January (Murphy and Shapovalov 1952, Shapovalov and Taft.1954,
Smith 1992, Nelson 1993). In Waddell Creek, Shapovalov and Taft

(1954) reported that 33 pefcent of all adult coho salmon were
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trapped between December 31 to January 6, 81 percent were trapped
during six weeks from December 10 to January 20, and 96 percent
durlng nine weeks from December 10 through February 10.
Shapovalov and Taft (1954) reported that the adult coho salmon
run-in Waddell Creek (December -10-February 10) occurred during
the heaviest precipitation period. Shapovalov and Taft (1954)
also reported that 83 percent of returning adult coho salmon
passed upstrean af the Benbow Dam on the éouth fork of the Eel
River in six weeks from Nermber 26 through January 6 (1938-
1944), and 81 percent. of the returning adult coho salmon passed
the Sweasey Dam on the Mad River in six weeks from November 12‘
through December 23 '(1941-—1953) . Shapovalov and Taft (1954)
reported that boho salmon migrations started in November and
continued through the beginning of March in the Eel River and the
end of February in the Mad River, with peak spawning taking place
in December and January in both systems.

Coho salman spawn in riffles, usually just below a pool, at
temperatures of 6 to 12 °C (Shapovalov and Taft 1954). The time
required for coho salmon eggs- to-hatch is-inversely related go
water temperature. Shapovalov and Taft (1954) reported that eggs
usually hatched in 35-50 days at temperatures prevailing in
wWaddell Creek:; in hatcheries they reported hatching in abodt 38—
48 days at average temperatures‘of 9 tq.ll °C. )In 1936,
Shapovalov and Taft (1954) found that egg‘production for Scott
and Waddell Creek’s coho salmon was between 2,782-2,789 eggs per

female, and reported that egg production of Scott Creek and
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Waddell Creek coho salmon were within the range repofted for
qthef coho salmon populations. Coho salmon larvae start emerging
~from the gravel 2-3 weeks after hatching, and continue to emerge
for an additional 2-7 weeks, with peak emergence occurring within
three weeks of hatching (Shapovalov and Taft 1954). °

Although early and late emerging populations often exist
sympatrically within a stream system, proper timing of emergence
has distinct survival adyantgges. As the fry emerge from the
" gravel they take up residence along the sides of the creeks and
hecome aggressive and territorial (Chapman 1962, Mason 1966).
Chapman-(1962) found that prior residents are always dominant in
térritorial diéputes, and later emerging fryAare forced to
establish and defend Eerritories in vacant habitats. Many iate.
emerging fry, finding no vacant territory, form schools of
subordinate fish that survive by swamping territory holders or
drifting downstream in search of vacant habitats. During ﬁﬁ;y
and August they méve into deeper pools with overhanging
végetation and woody debris (Shapovalov and Taft 1954, Marston
1992). It appears that all coho salmon f;y must find soﬁe
freshwater habitat for their first year of life, because no
returning adults have ever been obser%ed without a freshwater
annulus (Shapovalov and Téft_1954, Mason 1975).

Shapovalev and Taft (1954) reported that approximately one
year after emergence in Scott and Waddell Creeks, usually in

March and April, schools of 10-50 individuals of the same length
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migraﬁed to the oceén. They reported that coho salmon average
10.3 to 11.7 cm fork length (FL) at outmigration.

Juvenile coho usually spend two growing seasons at sea.
before fhey-return aé adults to freshwater to spawn. In Waddell

Creek, Shapovalov and Taft (1954) found that coho returned as

. precocious males (16% of the run) in the season after downstream

migrétion with an average size of 40.6 cm FL (gge 1.1, one
growing -season in freshwater and one in the ocean}, or“és females
and malesl(84% of the run); with'an average size of 63.9 cm and
64{7 cm FL fespecti&ely, in:tﬁe seﬁond season after downstream
migration (age 1.2, one growing season in freshwater and two in
the‘ocean).

Coho salmon from different geographic regions appear to have .
their own oceanic migration patterns (Quinn and Tallman 1987) .

Coho salmon are pelagic -and readily move and disperse from one

marine .area to another (Fraidenburg‘et‘al.-1985). Based on

recéveries of marked smélts and coded-wire tags, oceanic
migration patterns of adult coho salmon along the North American
Pacific coast indicate that coho Salmdq reﬁﬁiﬂ‘closer'tO“tneir
river of origin than do chinook salmon, but may travel seyeral
hundréd kilometers (Wright 1958). For.exaﬁple, marked coho
salmon from Waddell Creek were caught in the Noyo River, in Fort
Bragg, California, 322 km to the north (Taft 1937), and near the
san Lorenzo River in Santa Cruz County, 24 km to the south
(Shapovalov and Taft 1954). Laufle et gl. (1986) reported coho

salmon being captured as far as 1,930 km from their point of
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origin. Coho salmeon along‘the-California coast probably remain
within the limits of the Continental Shelf or within 160 km from
shore (Shapovalov and Taft -1954).

A major factor in population cohesiveness isrthe fidelity
with which adult salmon are able to home to their natal streams.
Although ocean homing.mechanisms are poorly understood, it -is
believed that high seas navigation is innately controlled and
that the role of extrinsic environmental factors increases in
'impogtance'as the salmon approach their natal estuary (Hasler and
Wisby 1951; Brannon 1981; Hasler and Scholz i983). Nearshoré
migration may be enhanced by onshore winds that concentrate river
water closé to shore, where olfactory cues further guide the
salmon (Banks 1969).

Straying in coho salmon is well documented when access to
natal streams is obstructed (Martin 1984). Quinn and Tallman
(1987) evaluated the reported homing and stréying of coho salmon
from California to British Columbia, and found that homing under
normal conditions was fairly accurate, ranging between 73 to
100%. Shapovalov and Taft (1954) studied the extent of homing
and straying of ccho salmon between Scott and Waddell Creeks,
which are 7 Km apart. They found that for six seasons of marking
{1933-34 through 1938-39), and the seven seasons for which -
‘returns were possible (1934-35 through 1940-41), that 85% of the
fish marked at Waddell Creek returned there and 15% strayed to
Scott Creek. Of the cohogmarked.at Scott 'Creek, 73% returned

there and 27% strayed to Waddell Creek.
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HISTORY OF HATCHERY STOCKS AND OUTPLANTINGS

Oone of the major issues NMFS considered in determining
whether a coho salmon ESU remains in Scott and Waddell Creeks, is
the extent of hatchery programs in Santa Cruz County. NMFS

considered three major issues: 1) history and numbers of hatchery

‘releases, 2) composition of hatchery stocks used, and 3}

geographic areas of hatchery releases. The foliowing information
is a chronological history of the egg £aking and fiéh planting
activities that occurred in Santa Cruz County, with an émﬁhasis
on Scott and Waddell Creeks compiled;by the Monterey Bay Salmon
and Trout Project (MBSTP) and NMFS from liﬁited stocking and .
trapping records. -

In 1904 the Brookdale Hatchery (San Lorenzo River) and Scott
Creek Egg Taking Station were built by the City of Santa Cruz and
began operation in 1905 to produce one and a half million
steelhead and coho fry per year. CDFG tock over the operation

through a lease from the County in 1912 for a steelhead egg

_source. During a drought in the 1920’s a new site was-selected

for a hatchery on Big Creek (tributary to Scott_éreek), and in
1926 Big Creék Hatcﬁery was built and began operation in 1927.
The three facilities operated until fﬁe flood of 1940 damaged
both Big Creek Hatchery and Scott Creek Egg Taking Station which
Wwere subsequently shut down. The Brookdale Hatchery.continued

operation with surplus eggs from other northern CDFG hatcheries

* to produce salmonid fry for planting in local streams in July or
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August: however, it could not produce sufficient numbers of

yearlings and was shut down in 1953. After this closure, fish
planted in Santa Cruz County streams came from various Fish and
Game hatcheries in northern California.

of the few remaining original fish planting records within
Santa Cruz County, CDFG biennial report data indicate the total
per county and occasionally watershed {Table 1). For 15 years,
between 1909 to 1941, a total of 1,907,153 cocho salmon from
various Pacific\Coast watersheds were known to have been planted
in Santa Cruz County streams. These stocking reports indicated
that between 1915-1939 Scott Creek was stocked with a total of
387,413 coho salmon fry and over 10,000 coho salmon juveniles .
between 1967-1968. Waddell Creek was stocked with approximate

total of 116,000 coho salmon fry between 1913-1933, over 10,000

coho salmon juveniles from CDFG Darrah Springs Hatchery in 1966,
and an-unknown‘number of coho salmon in 1970 (Noyo'River stock)
and in 1972 (Trinity River stock) by CDFG. The San Lorenzo River
was stocked with a total of 577,440 coho salmon fry between 1915~
1941, and an unknown number of coho salmon juveniles'and fry from
1957 to‘present;

ﬁhen the Scott Creek egg taking station was established, the
poyicy was to spawn every female steelhead and coho salmon to try
and produce 3 million eggs/year for each species (Streig 1991).
Streig'(lggl) tabulated and reported the fry preduction year
(fish spawned from the previous November through the end of the

run that year), and the total number of green eggs taken.
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Quantitative records of adult fish numbers returning to Scott
Creek were not found. Using the average number of eggs per
female (coho averaged 2,700 eggs and steelhead averaged 5,000
eggs) and the average sex ratio (1:1 male/female) reported by
Shapova;ov and Taft (1954), the approximate number of females
épawnéd and the total number of adults spawned were estimated
(Table 2).

In 1969 the Fish and Came Commission held a hearing and
authorized thé CDFG to issue an experimental commercial
aquaculture permit to Paéific Marine Enterprises, now known as
SilverKing Oceanic Farms (SKOF), to raise anadromous salwmon and
steelhead for release and later recapture in the lagoon of
Waddell Creek (Reavis 1985). Soon after the operation began, a
flood damaged the facility, and in 1979 SKOF began operation of a
new faciliﬁy on Davenport Landing Creek in Santa Cruz. They were
unable to .obtain any local California salmon stocks. Therefore,
their egqg sources came from other commercial or sufplus from
northern Califpfnia and out of state stocks of Oregon,
Washington, British Coiumbia,‘and Xlaska (Reaﬁis 1985, Streig
1991). Returning aduitrsteelhead, coha, and chinock salmon to

Davenport Landing Creek were hauled to a hatchery facility

.dperated on Bean Creek near Scotts Valley in Santa Cruz (Reavis

1985). The fish were spawned at the Bean Creek facility and the
smolts were returne& to Davenport Landing Creek for release to
the ocean. The fish traps were operated from August through June

of the following year.
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There weregnd records found for the nﬁmber of fish captured,
spawned, or juveniles released by SKOF during the 1970’s 'in . .
Waddell Creek. However, there were records found for the
". operations in Davenport Landing Creek during the 1980’s using a
variety of other river systems cocho salmon stocks and are
summerized in table 3 (Reavis 1985). From-l§80—1984 spawning
season, SKOF had a total return of 3,201 coho s%lmon with an
average annual returnnof 640 coho salmon to the Davenport Landirig
Creek facility. During the 1980 through 1984 time period, SKOF.

released 949;768'¢oho salmon from thelir Davenport Lanéing Creek
fégility with an average arnLal stocking rate of 189, 954 fish.
From 1584-1988 spawning season, SKOF had a total return of 1,331
coho salmon with an average annual return of 333 coho salmon.

During 1984 through 1988 time period, SKOF released 177,920 ccho

salmon. from their Davenport Landing Creek facility, with-an
average annual release of 44,480 juvenile coho salmon.
Approximately 85 percent of the coho salmon trapped by SKOF ln
their Davenport Landing Creek faclllty were caught in September
and October each year, primaily due to artificial pumping of
freshwater through Davenport Landing Creek tRéavis 1985).

In 1976 the Monterey Bay Sélmon and-Trout Project (MBSTP)
was started, in joint venture with CDFG, to try and rebuild the
declining salmonid populations in local streams. From 1876
through 1979 CDFG cage;reared salmonid stocks from their Mad
River Fish Hatchery (Humboldt Coﬁnty) and Warm Springs Fish

Hatcheéry (Sonoma County) near Moss Landing in Santa Cruz. The
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Big Creek Hatchery was rebuilt in 1982 and started to use
naturally returning stocks from Scott Creek and the San Lorenzo
River.

. The MBSTP and CDFG has reared and released over 1,150,000
juvenile coho salmon and steelhead in local watersheds from 1976
fhrough 1992 (Streig 1993). From March through May of 1992, the
MBSTP and CDFG released 1,870 juvenile coho and 123,000 juvenile
steelhead throughout various local streams (Streig 1993).
Locations of the salmon and steelhead plants include: the San

Lorenzo River and tributaries Bear Creek, Boulder Creek,

Aptbs Creek: Arana Creek; Carmel River and tributaries;
Corralitos Creek; Pajaro River and tributaries Little Arthur and
Uvas Creeks: Saliqas River and tributary Arroyo Seco; San Vicente
Creek; Scott Creek and tributary Big Creek; Soquel Creek:; Tar
Creek: and Waddell Creek (Table 4).

" As of June 1992, MBSTP was rearing a total of 214,085 fry
which included: 16,540 coho salmon, 26,980 Carmel River .
steelhead, and 134,240 steelhead from anlassortmgnt‘of*local
creeks in California. Also, 32,365 chinook salmon from the
Feather River, california, were reared at Moss Landing in
Monterey Bay (Streig 1993).

When adult coho salmon return to Scott Creek gnd the San
Lorenzo River, the MBSTR traps the entire run, spawns them

artificially, and then releases the smolts to help augment
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naturalnproduction. 2All released smolts are fin-clipped and are

not used as brood stock in subseguent years.
HISTORICAL AND CURRENT ABUNDANCE

Regional Overview

From the available literature it appears that coho salmon
historically used most of the. accessible coastal streams in
California south to Monterey Bay (Berger et al. 1982, Brown and
' Moyle 1991, Hassler et al. 1991). Based upon monitoring of the
runs by CDFG in the Klamath River (Iron Gate Hatchery), Trinity
River (Trinity River Hatchery), Mad River (Mad River Hatcherf);
Noyo River (Noyo River Station), Russian River (Warm Springs
Hatchery), plus scattered and irregular observations elsewhére,
it appears that coho salmon populations in coastal streams
throughout California are about one-third of their 1965 abundance
levels (CDFG 1991, Brown and Moyle 1991). In the mid-1960’s the
average annual coho spawning run for all california streams was
estimated at 99,000 fish (California Advisory Committee on Salmon
and Steelhead Trout 1988, CDFG 1991). The wild populations'of
coho salmon may be as low as they have ever been: in“the 1980’s,
the average annual run of natural spawners was estimated to be
30,500 (CDFG 1991), which represents approximately 1 percent of
the 1940’s levels (Brown and Moyle 1991). However, fish from
hatchery poéulations make up about 57 percent of this total and

many other populations probably contain at least some fish of
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recent hatchery ancestry (Browh and Moyle 1991). Brown and Moyle
ﬁ1991) estimated that there are probably less than 5000 wild coho
salmon spawning.in Cali@ﬁrnia each year, and many of these fish
are in populations that contain less than 100 individuals. Brown
and;Méyle (1991) also estimatgd.that annual wild coho salmon
populations in river basins retaining indigenous populations to
be between 100 and-1,320 fish, with a more realistic estimate of
600 fish statewide.

There are few good historical accounts of the abundance of-

‘coho salmon in California, and those early records usually dealt

with commercizl salmon fisheries in general (Jensen and Startzell
1967). Consequently, those early records did not contain

quantitative data by species until the early 1950’s. Today, c¢oho

‘salmon stocks are intensively managed along the west coast.
‘Coastal waters from the_Mexico border to Cape Flattery,

.Washington, are partitioned into numerous management zones with

escapement goals set for each zone. Monterey Bay falls within
the manégement zone that stretches from Horse Mountain, just
north of Fort Bragg, California, to the Mexico Boarder. The-
principal concern in each management zone is tq allow for
adequate reseeding of coho saimon habitat by setting &scapement
goals for Oregon Coastal Natural (OCN) coho salmon. The term OCN
coho designates a stock aggregate comprised of the naturally
produced coho salmon from Oregon coastal streams. This'stock
aggregate coﬁsti@utes the largest proportion of‘naturally

produced coho salmon caught in ocean salmon fisheries off
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Califérnia ana Oregon (PFMC 1993). Thereforé, OCN coho salmon
contribute extensively to the ocean commercial harvest, but also
tend to set the allowable coho salmon harvest rate for.éombined
natural and hatchery production for any giveﬁ vear. In 1991 and
1992, total commercial landings of coho salmon in San Franéisco
and Monterey Bay were 53,300 fish and 23,300 fish, respectively
(Table 5). Total recreational landings of coho salmon in San
Francisco Bay and Monterey Bay were‘9,300 fish and 3,100 fish,
respectively. .

kecent commercial and: sport ocean salmon landing records
provida information on the size and species composition of the
catch. Howeber, data on individual river systems and stafe
contributions are limited. The California Department of Fiéh ana
Game (1991) estimated the percent of historical salmon production
by watershed in Célifornia, and the watersheds south of San
Francisco Bay were cited as contributing approximately z'péfcent
of the total state production of coho salmon. The following
réview will concentrate on watersheds known to have contained
~coho salmon including the Sacramento Rivér and tributaries,‘San
Francisco Bay tributaries, and all wa?ersheds continuing south to

Moﬁterey Bay.

Sacramento River and Tributaries
It is uncertain whether coho salmon were ever indigenous to
the Sacramento River system. Several authors have reported coho

salmon occurring within the Sacramento River system before the
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turn of the century (Jordan and Jouy 1881, Jordan and Gilbert
1881, Lockington 1881 as reviewed by Brown and Moyle 1991).
Eiéenmann (1890) reported coho salmon as one of four épecieé
occurriﬁg within the~Sacramento River, but it was not a species
of great concern compared to the large size and numbers of
chinook salmon available.

" Hallock and Fry (1967) reported that two coho salmon were
identified at the Coleman National Fish Hatchery, one in the fall
of 1949 and one in the fall of 1950. To éry.and establish a
self-sustaining run of coho salmeon in the Sacramento River
syétem, CDFG stocked 43,025.coho salmon fry into Mill Creek in
1956, 53,500 in 1957, and an additional 48,000 in 1958 with coho
salmon stock from the Lewis River, Washington (Hallock and Fry
1967, Fry 1973). The returning adqlt coho salmon returned
primarily to Battle- Creek, California, where the fish had been
raised, and Mill Creek, California, where they wére planted.
Some of the returning adults to the Coleman Fish Hatchery were
spawned and the offspring were reared and released at the Nimbus
Fisﬁ Hatcherj (Hallock and Fry 1967).  -The Nimbus Hatchery had 99
adult coho return in 1960, and 87 adults return in 1961 (Hallock !
and Fry 1967). 1In 1970, 58 coho salmon entered the Feather River
Hatchery, were Spawnéd, then released as fry (Schlichting 1974,
Painter et al. 1977).

Due to the effects of hydraulic mining, dams, and water
diversions occurring at the time, and the life history pattern of

coho salmon, it is likely that coho salmon would have been the
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first salmonid épecies to become extirpated in the éacrameqto
River systems (Brown and Moyle 1991). There are a few coho
salmon that stray into the Sacramento River curréntly, but there
is‘known established run. J
San Francisco Bay

Before human disturbances, spawning migrations of coho
salmon occurred in most of tﬁe San Francisco Bay tributaries that
contained suitable habitat (Leidy 1983). Fry (1936) reported
coho salmon were observed from Corte Madera Creek (San Anselmé),
and spawning took place in Corte Madera and Mill Valley Creeks
(Hallock and Fry 1967). Leidy (1984) captured several juvenile
coho salmon from both Corte Madera and Mill Valley Créeks, and
juvenile coho salmon also were recently observed in Corte Madera
Creek (Cox pers. comm.). These fish may still be successfully
reprodpcing in these tributaries, or are the progeny of strays
from other systems. No records exist on the numbers of coho
salmon that historicaily utilized San Francisco Bay streams,
however, if coho salmon historically used the Sacramento River
tributaries and most suitable coastal tributaries and bays, it
would seem that coho salmon populations did at one time exist

within the San Francisco Bay Streams (Brown and Moyle 1991}.

California Streams South of San Francisco Bay’
"There are a total of 34 streams that drain directly into the

Pacific Ocean in San Mateo County, 25 streams in Santa Cruz
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county, and 27 streams in Monterey County. bf the 86 total
streams with direct coastal access, 13 were known to historically
support coho salmen until the early 1970’s_including: San
Gregorio Creek, Pescadero Créek, Butano Creek, and Gazos Creek
within San Mateo County; Waddell creek, Scott Creek, San Vicente

éreek, san Lorenzo River, Soquel Creek, Aptos Creek, and Pajaro -

‘River within Santa Cruz County; and Carmel River and Big Sur

River within Monterey County (D. Streig pers. comm., J. Smith

_pérs.'comm.,-J.'Nelson pers. comm., Hassler et al. 1991, Brown

and Moyle 1991). Berger et al. (1982) reported that aﬁ the turn
of the century, coho salmon wmay have utilized all ceoastal
accessible fivers as far south as the Santa Maria and Sanfa Ynez
Rivers in San Luis Obispo and Santa Barbara Counties,
respectively.

Most of the natural production of coho salmon in streams
south of San Francisco Bay has now been lbst (Brdwn and Moyle .
1991, Hassler et al. 1991, Marston 1992, Nelson 1993). An
accunulation of human related factors such as urbanization,
agriculture, water diversions, logging, and hatchery practices in
california coastal watersheds have apparently significantly
reduced wild coho éopulations at the southern end of éheir range
{(San Lorenzo River7Watershed_Managemént Plan 1979, Berger et’ al.
1982, Baker and Reynolds 1986, California Advisory Committee on
salmon and Steelhead Trout 1988, Snider 1989, Smith 1992, CDFG

1992). In addition to the human related effects, the droughts of

1975-1977 and 1987-1992, the floods of 1982, 1983, and 1986, the
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strong E1 Nifo that has persisted along the Pacific west coast,

coupled with the highly erodible soils and unstable siopes
typicallf found within California, exacerbated all negative
impacts caused by huﬁans (smith 1992, CDMG 1992).
0f the 13‘Streams and rivers known to historically support
qého salmon south of San Francisco Bay until the mid-1970‘s, only
Scott Creek, Waddell Creek, and the San Lorenzo River in Santa
Cruz County have coho salmon returning (Brown and Moyle 1991,
' Mafston 1592, Smith 1992, Neiéon-1993), which indicates a 77
percent reduction -in the number of watersheds utilized by coho.
salmon south of San Francisco Bay.
Acces; to Waddell Creek, SéottVCreek, and the $an Lorenzo -
River during most of the normal coho salmon spawning peried, and
through a portion of the juvenile 6utmigration period, is very
limited due to the intensity of the rainfall and subsequéent heavy .
storm flows (Shapovalov and Taft 1954, Smith 1992, Nelson 1993}.
Quantitative information based on the numbers of returning adult
and outmigrant.juvenile‘coho salmon acquired from trapping is
limited. However, combined with juvenile electrofishing results,
these data could indicate general populaticon trends.
Scott and Waddell Creek still maintain natural runs of coho
sa;mon, and the MBSTP maintains a hatchery population in the San
Lorenzo River. The coho populations of these three systems.are

discussed below.
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Waddell Creek

Shapovalov and Teft (1954) intensively studied the life
history of coho salmon and steelhead trout within Waddell Creek,
with some references fo Scott Creek. During the nine seasons of
operating an upstream trap, 1933-1934 through 1941-1942, 2,218
adult coho salmon were trapped, with sedsonal runs varying from
84 (1937-1938) to’583 (1934-1935). Accounting for the number of
coho salmon observed jumping over the trap and spawners below the
trap, Shapovalov and Taft estimated the total adult coho salmon
spawner population of Waddell Creek to range between 120 (1938-
1939) to 633 (1934-1935), with an average annual run size of 313
adults. The numbers of returning adult coho salmon in Waddell
Creek fluctuated with no specific trend (Figure 2). However,
Waddell and Scott Creeks, received numerous coho fry steckings
from outside sources totalling more than 116,000 in.Waddell Creek
from 1913 through 1933, and 387,413 in Scott Creek from 1915
through 1939 during the Shapovalov and Taft study (i954).

Today Waddell Creek maintains a natural run of coho salmon,
but it is quite reduced'(D. Streigvpersu-eomm,-Brown~and~Moyle-‘
1991, Marston 1992, Smith 1992, Nelson 1893). An adule migrant
trap was operated in Waddell Creek in the winter of 1991-92 and
captured 31 adult coho which represented one-half of the adult
run based upon recovery of marked carcasses (Smith 1992). Smith
(1992) found that most coho were grilse males (aged 1.1), and

approximately 8 females were estimated for the 1991-92 run.
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In the spring of 1992 a smolt trap was operated in Waddell
Creek during part of the oﬁtmigration period and no coho smolts
were captured (Smith 1992). 'Smith (1992) also electrofished 871
m of Waddell Creek, representing 3-5 individual habitats, in 13
locatlons over the estimated 9.6 km of pctentlal coho habitat.
He found a total of 19 juvenile coho in 6 of 13 sites sampled
compared to 1505 juvenile steelhead sampled in the same
locations, primarily in deeper glides and pools with. some form of
maéfd&over. He reported that available coho habitat in Waddeli
Creek was under—ﬁti;ized.' By late summer in 1992, steelhead
outnumperé@ ccho 14 to 1 in Waddell Cresk (Smith 1992). Precise
estimates of the number of juvenile coho in Waddell Creek couid
not be made. However, Smith (1992) estimated that the 1992
productidp of juvenile cocho probably did not exceed the low_to
mid hundreds, which would represent 10-25 returning adults using
a ﬁigh survival estimate of 5 perceht. '

In.1992—93, ohe coho adult was trapped in Waddell Creek,
however, Smith (1993) reported that trapping efficiency was very
poor or non-existent due to high storm flows during two-thirds of
the adult coho spawning run from mid-December through mid-
February. |

Smolt trappiﬁg in 1993 collected 119 coho, with the peak of
downstream migrants occurring in mid-May (Smith 1993). 6nly 4
coho smolts were collected after 22 May and the last fish was
collected on 10 June 1993 (Smith 1993). Smith (1993) could not

estimate the total smolt prbduction in 1993, because no trapping
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occurred prior to 4 April, and trap efficiency was poor due to

high flows and clogging prior to 24 April.

Shapovalov and Taft (1954) operaﬁed an outmigrant trap for

‘nine seasons (1933-1942) in Waddell Creek'and trapped a total of

18,362 juvenile coho salmon. The number of juéénile coho salmon
tfapped ranged from 152 juveniles (;940—41)_to 4,911 juveniles
(1935-36), with a mean annual catch of 2,040 juvenile coho
salmon. Assuming that trapping eﬁfiqiency during the Shapovalov.
and Taft study was similar to present-day trapping efficiency,
indicates that there is an approximate reduction of775'percent in

the numbers of coho salmon smolts produced in Waddell Creek since

the 1930’s.

The present adult spawning run in Waddell Creek is about S50
fish in a decent year and much less in poor years (D. Streig
pers. comm., Smith 1993}. Surveys éf juvenile coho sﬁlmon
indiéate that Waddell Creek only has a good run every‘thira year;
tﬁé mﬁst recent in 1990, with poor -1988 and 1989 year class
production (Brown and Moylé 1991, Smith 1993). The average
annﬁal coho returns estimated by Shapovalov—and—jgft -(1954)
during the 1930’s and early 1940’s compared to ihe 1992-1993
estimated adult coho run size (Smith 1993) indicates there is an
84 percent reduction in the numbers of returning adult coho

salmon to Waddell Creek over the last 50-60 years.
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Scott Creek
Smith (1990) observed an over-all reduction in lagoon depth
and size in Scott, Pescadero, San Gregorio, and Waddell Creeks

due to increased sediment dgposition, primarily from the lack of

sustained flushing flows beyond winter storm flows. Smith (1990)

concluded that the fishery resources within the lagoons were
significantly affected by artificial sandbar breaching and
reduced flows from water diversions and drought conditions during
the late 1980’s. |

A downmigrant trap for juvenile salmonids in Scott Creek,
6perated by CDFG for 9 weeks in tﬁe spring of 1992, captured 632
steelhead (identified as 55 wild smolts, 314 hatchefy smolts, and
263 parr) and only 10 coho salmon (Nelson 1993).

In June and July of 1992, CDFG electrofished the lower 0.8
km of Scott Creek, representing 3 habitat types (riffles,
flatwaters, and pools), to try and assess the fishery population
and available habitat present under decades of chronic stream
dewatering by adjacent landowners.(Marston 1992). CDFG captured
3 coho in the lower Scott Creek and none withiﬁ the lagodn,'with
numerous steelhead and sculpins in the samples( Marston (i992y
estimated the total number éf juvenile coho for 1087 m of stream
in lower Scott Creek to equal 18 fish (8 in flatwater and 10 in
pools), and the total number of juvenile steelhead was estimated
at 7755 fish (1839. in riffles, 2080 in flatwater, and 3836 in
pools) in fhe same reach. Marston (1992) concluded that wvater

diversions were significantly affecting lower Scott Creek and the
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lagoon agquatic habitats for sglmoﬁid species, and that lagoon

. constrictions, disease (i.e. Bacterial Kidney Disease), and,
possibly interspecific competition with juvenile steélhéad for
food and- space were limiting coho salmon production. éurrently,
CDFG is conducting an Instream Flow Incremental Methodélogy
(IFIM) study within this reacﬁ to determine optimum flows and has .
established an in;efim bypass flow of 0.06 m’/sec until the study
is completed in 1994 (Nelson 1993). ' ‘ |

Smith (19925 electrofished 495 m of Scott Creek,
representlng 3-5 individual habltats, in 13 locations over the

mated 17 5 km of potential coho habltat. He found a total of
42 juvenlle coho in 6 of 13 sites sampled compared to 1266
juvenile steelhead sampled 1n‘the same locations, primarily in
deeperAglidés and pools with some form of macrocover. Smith -
(1992) estimated'that the total juvenile coho salmon production
for 1992 in.Scott Creek to be less than one thousand fish, which
would represent 25-50 returhing'adults using high‘a survival
estimate of 5'percent. .

An édqlt migrant trap-in Scott;Greekf~operated»from 29
January to 8 February 1993 by CDFG, captured 10 adult coho salmen
consisting of 5 males and 5 females ranging from 45-78.5 cm FL. ‘
However, due to poor trapplng eff1c1ency ne quantitative estimate
was made for the 1992-93 spawnlng season (Nelson 1993).

CDFG operated a dOanigrant trap ‘for juvenile salmonids in
Scott Creek for 11 weeks in the spring of 1993. They capturgd

1065 steelhead (identified as 161 wild smolts, 284 hatchery
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smolt/pre—smoit, and 620 parr) and 114 coho salmon (identified as
60 wild smolts, 46 hatchery smolts, and 8 young~of-year), with

' peak migration.occurring the week of 17 May 1993 on a receding

hydrograph of 0.05 nﬁ/seq (Nelson 1993).

Scott Creek and its tributaries, namely Big Creek and Mill-
Cfeek, have been the sites of exhaustive rehabilitation efforts
by the MBSTP, and CDFG reépectively. This watershed and the
Waddell Creek watershed are considered the best habitats
available for anadromous species south of San Francisco (D. Hope
pers. comm., D. Streig pers. comm., J. Smith pers. comm., J. B

Nelson pers. comm, K. Anderson pers. comm., Snider 1989, Marston
1992) . | ‘

Today, the coho salmon run size in_Scott Creek averageé
between 30-40 fish per year.(Table 6). Unlike Waddell Creek, no
older records with estimated numbers of returning adult copo
salmon were found for Scott Creek. ‘Because Scott and Waddéil
Creeks have similar watersheds and are located adjacent to one
aﬁother, an estimated run size could be calculated . for Scott
_dreék during the 1930’s and 1940’s. Usiné the average annual
coho returns estimated. by Shapovalov and Taft (1954) during the
1930’s and early 1940’s in Waddell Creek (313 adults), adjusted
for the additional estimated 7.9 km of accessible coho -habitat in
Scott Creek (Smith 1992), indicates there has been a 93 %
reduction in the number of returning adult coho salmon to Scott

Creek over the last 50-60 years.

38




San Lorenzo River

The San Lorenzo River is now considered the southern-most
dréinage to receive returning adult coho salmon,.although iﬁ is
primariiy maintained by h%tchery releases of coho salmon stock
from Scott Creek and other watersheds (Streig 1993). The San
Lorenzo River is believed to have lost its naturally spawning
coho salmon populatién during the 1976~77 drought (Streig 1993).

Johnson (1964) estimated the annual angler catch of cdho.
salmon in the San Lorenzo River to be befween-zoo-l,soo fish,
with an estimatgd éverage annual run of 1,000 adults. The
estimated total angler catch of coho salmqn in the San Lorenzo
River during the winters of 1970-71, 1971-72, and 1972-73, were _
383, 370, and 342 coho salmon, respectively (Johansen 1975) .-
Coho salmon lengths ranged from 32.0-89.0 cm FL, with a mean of
€6.7 cm FL in 1971-72, and from 33.4-80.0 om’ FL, with a mean of
51.3 cm FL in 1972~73 (Johansen 1975). . Compariﬁg previous -years
of angling catch rates, Johansen (1975) reported a decline in the
annual angling catch of coho salmon and steelhead in the San
Lorenzo River from recorded catchs- £rom the previous 20 .years.
Data from the.fish trap operated at the Felton water facility in
the Ciﬁy of Santa Cruz support these observations. Dﬁring the
first winter of opefation in 1976-77, the station recorded an
upstream movement of only 174 coho-salmon and 1614 steelhead (San
Lorenzo River Watershed Management Plan 1979). The 1977-78 coho
salmon run past Felton fish trap was 182 adults, and steelhead

numbered less than 600 adults (San Lorenzo River Watershed
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Management Plan 1979). In 1980~81, 16 adult coho salmon were

checked through the Felton fish trap (Scbtt 1981).

Although fish populations may normally experience annual
variations, these figures indicate-a major decline in fish
numbers. The decline in salmonid numbers are attributed to urban
development, water diversions, and poor logging practices withiﬁ
the watershed which have decreased habitat aﬁd_increased
siltation and stream temperatures (Johansen 1975, San Lorenzo t
River Watershed Management Plan 15795. Field studies inaicate
that fine sediments within the San Lorenzo.River increased froﬁ 8
percent in 1966 to 65 percent in 1972 (Lang 1966, 1972). Urban
development and logging has removed the riparian vegetation and
decreased the capability of‘soils to retain runoff.

The MBSTP and CDFG still operate an adult migrant trap at

the Felton Water Facility, but quantitative trapping data is. .
limited (Table 7). The present cohoksalmon.rﬁn in the San |
Lorenzo River is estimated to be between 75-125 fish per year (D.

Streig pers. comm.). ‘Using the mean estimated annual run size

reported for the San Lorenzo RiVér in the 1960's (650 adults),

indicates there has been an 55 percent reduction in the number of
retufning adult coho salmon to the San Lorenzo River over the

last 30 years.
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GENETICS

In order to manage,and preserve coho salmon populations,
basic information on genetic variability and gene flow in
subpopulations and stocks are essential. Several protein

electrophoretic studies have demonstrated distinct populaﬁion

.structure between some coho populations. However, early studies

show that coho salmon display the lowest level of allozyme
variation of.all Pacific salmon species (Allendorf and Utter

1979, Reisenbichler and Phelps 1987, Johnson et al. 1991). This

"is due, at least in part, to the choice of loci available to

tﬁose early reéearchers.

In earlier studies focusing on single loéi, the transferrin
locus was found to be polymorphic. Allendorf and Utter (1979)
found a gignificantly lower fréquency of the B allele of
transferriﬂ in Fraser River and Columbia River coho salmon
compared to other sampled populations. Suzumoto et al. (1577)

and Winter (1978) reported differential resistance to bacterial

~ kidney disease (BKD) among transferrin genetypes. - Pratschner

(1978) reported differential mortality from vibriosis,
furunculosis, and céld—water disease between transferrin .
genotypes. Thus, transferrin polymofphisms may be maintained by
a selective mechapism and may reflecﬁ adaptive properties of the
differént genotypés rather than ancéstral relationships (Johnson

et al. .1991).
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Most ather loci examined in coho salmon populations have
been less informative. May (1975) reported a variant allele of
lactate dehydrogenase (LDH—-4, now called LDH-B2") which showed a
clear -separation between south Puget Sound/Hood Canal and north
~Puget Sound, as well as Strait of Jpan:de Fuca and Washington
coast coho salmon stocks. Utter et al. (1980) reported data from
several studies on unusual allelic variants in coho salmon from
the Feather River Hatchery in California, and suggested that
these variants may occur widéiy iﬂ the southern part of the coho
salmon range. Wehrhahn and Powell (1987) found distinct allelic

requency differences between fish from the lower coastal
‘mainland of Britisﬂ Columbia and Oregon.

Hjort and Schreck (1982) studied electrophoretic,
morphological, and 1life history characteristics of coho salmon in
Washington, Oregon, and California. In genéral, they found based
on the  three criteria, that stocks geographically close were
similar, stocks in large rivers were more similar to each other
than to stocks.from s@aller stream systems (independent of
geographic proximity), hatchery stocks were more similar to each:
other than to wild stocks, and wild stocks were ﬁore similar to
each other than to hatchery stocks. However, transferrin A
allele frequencies were high in stocks from large strean systeﬁs
regardless of léttitude, and in southern stocks regardless of
stream size.

Solazzi (1986} used electrophoretic data to identify five

groups of ccho salmon in.Oregon and California. In California,
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the Klamath River, Trinity River, Mill Creek, and Prairie Creek
coho salmon were grouped with the Rogue River and Columbia River.
Based on Solazzi’s dendrogram on genetic éimilarities, California
samples were genetically more diverse than samples from the
Oregon coast or the Columbia River coho salmon populations.

' Scott (1993) used electrophoretic analysis to study 9
genetic loci of coho salmon in Waddell Creek compared to coho

salmon from the Noyo River (Mendocino County) and Trinity River

" (Trinity County). He found that Waddell Creek coho salmon showed

a significant difference from Trinity River coho salmon at 2 of 3
lcci (GL-2 and LDH-1, now called PEPC’ and LDH-RALY, ' |
respectively), and a probable difference from the Noyo River coho
salmon at 2 of 3 loci (Tfn, GL-2). However, Scott concluded that
his sample sizes were too small to draw over-all statistical.
significance.

Observations of wild coho salmon stocks‘in ten northern
Célifornia streams (Navarro River and tributary Flfnn Creck,
Little River, Russian Gulch, Casper Creek, Hare Creek, Noyo River
and tributary Kass Creék, Pudding Creek, and Ten-Mile River) |
demonstrated four distinct foraging phenotypes that combine
unique microhabitat distributions, foraging béhavior, growth and
developmental patterns (Nielsen 1994 in press). In general,
Nielsen found that trends in genetic po;ymorphism were variable
among the foraging phenotypes and between hatchery and wild

populations, suggesting that adaptive responses to environmental

influences and not genetic variation lead to coho polyphenism.
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Allozymé analysis of hatehery coho from the Mad River

- Hatchery (Humboldt County) and the Warm Springs Hatchery (Sonoma
county) indicated that these populations carried 14 rare alleles
not'found‘in.samples taken from the wild coho population in the
Noyo River, Mendocino -County (Nielsen 1994 in press). ©Of the
rare alleles shared between the hatéhery and'wild populations, 44
% were found in the Noyo RiQer wild stocks. Vafiant alleles
found in the Warm Springs fish but n&t in the Mad River hatchery
popuiation-included the following loci and relative mobility: CK~-
'A2"110 and FBALD-4'105. Alleles found in the Mad River hatche;y
population but not iﬁ Warm Springs hatchery population included:
SAAT-1,2°110, SIDHP-3"130, sSMDH-A1,2'120, and PGM-1"150. Nielsen
concluded that the resulting population of wild and hatchery fish
suffered from disruption of the existing social system due to
antagonistic inte;actions,’reduced diversity of foraging - -
bghévior, changes in genetic polymorphism, reduced productibn of
wild forms, and a possible reduction in wild reproductive
potential.- Fraser (1969) reported that when juvenile densities
are high, growth of coho salmon is depressed through
'intraspedific competition for resources and mortality is
increased. Shapovalov and Taft.(1954) noted an inverse
correlation between the humber of downstream migrants and adult
return, implying that in years when intraspecific competition is.
low, greater numbers of downstream migrants return to spawn as

adults in Waddell Creek.
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Mitochondrial DNA testing on wild and hatchery coho salmon

from the Noyo River in California revealed five mtDNA types

varying at 10 sites (Nielsen et al. 1994 in press). More mtDNA

‘haplotypes were found, on average, in contemporary hatchery

populations than in geographically proximate wild stocks.

-Nielsen et al. (1994 in press) reported that the factors

' potentially leading to genetic differences in hatchery and wild

coho salmon stocks sampled were hlstorlc 1ntroduct10ns of
geographically divergent populations into the hatchery brood
stocks, and lack of introgression of ‘geographically dlvgrgent
genotypes from the hatchery into wild coho populations.

Bartley (1987) used allozymes to examine the genetic'
structure of 27 populations of coho salmon_from northern and
central Callfornla (Table 8). Wiid and hatchery coho salmon
samples were collected from. 1983 through 1986 (Table 9).  The
allozyme data were complled for the 27 populatlons sampled
coﬁsisting of 23 polymorphié loci (Table 10). 'The 100 allele at
each iocus was common in nearly all groups with the exception of
the PEPD-2(80) allele being the most prevalent in Flynn Creek and
Kass Creek. Bartley observed allozyme variation at 24 of 45 (53,
%) gené loci, but much of the observed variation was due to rare
and uncommon alleles in only a few groups (frequency < 5 %). Of
the 30 variant alleles identified, 20 (67 %) occurred in three or
fewer groups.

Average genetic identity between California coho salmon

sampled by Bartley was 0.996. Intra-group variation accounted
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for 84 '%¥ of the total génetic variation with only 16 % due to the
differences between the groups. Only weak associations between
genetic identity and geographic location were found (Figure 3).
Little pattern in the distribution of variant alleles or genetic
vafiation was observed. The_éK-2(85) allele was present at
frequencies of 0.35 and 0.138 in the groups from Huckleﬁerry
Creek and Redwood Creek, respectively, both tributaries to the
South Fork Eel River. The allele was found to be absent from
Butlér Creek which is also a tributarylto the South Fork Eel

" River. The GPI-3(85) allele was found to be exclusively in the
three groups of coho salmon from the Trinity River watershed
including Rush Creek, Deadwood Creek, and the Trinity Hatchery:
The IDDH-1(150) allele was present in the three South Fork Eel
River groups (Butler Creek, Redwood Creek, and Huckleberry
Creek); but was also found in Kass Creek and Pudding Creek. The
LDH-4(115) allele was predominately found in the groups south of
the Russian River. However, this allele was absent from Scott
C;eek and Waddell Creek, but was ﬁresent in cCasper Creek and Elk
River.

The low level of allozyme variability in groups of coho
salmon from California reporfed by Bartley (1987) was
characteristic of coho salmon populations in the Pacific
Northwest (Utter et al. 1970, Utter et al., 1973, Olin 1984).
0lin (1984) found 31 of 53 (58 %) loci to be polymorphic in 23

groups of cého salmon from Oregon; the variability in the Oregon
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groups was also due to nﬁmerous rare alleles with limited
distribution. _

Average heterozygosity estimateS'reported'by ﬁért}ey (1987)
ranged from 0.000 (Scott Creek) to 0.050 (Waddell Creek), with a
mean of 0.027 {(Table 11), énd was in the range previously
reported for coho salmon. Allendorf and Utter (1979) reported a
value of 0.015 for coho salmon from Oregon and Washington.
Nielsen et al.. (1994 in press)‘reported hete;ozygosity values for
wild coho salmon populations sampled from 10 basins along the
Mendocino coast line ranging from 0.018 (Little River)rﬁo 0.043
(Noyo River), with -a mean o§'0.029; olin (1984) found
heterozygosity wvalues ranging‘from 0.026 to 0.052, with a mean of
0.94, for coho salmon from Oregon. The average heterozygosity
reported by Bartley (1987) was lower than Olin’s estimate since
10 of 27 groups from California had estimates lower than the
minimum value found for coho salmon groups from Oregon. The
lower heterozygoslty may be a natural feature of populatlons from
the southern llm1t of the species’ range (Mayr 1963). Harsh
environmental condltlons at the ‘limits of the species range maf

increase selective pressures thereby eliminating some less fit

- genotypes. Similarly,_smallef population sizes may exist in such

marginal habitats and may have resulted in low genetic variation
through random genetic drift; on the other hand, the
heterozygosity estimates reported by Bartley (1987) did not

display any north-south cline.
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Bartley (1992) reported that the genétic variability among
coho salmon populations was low throughout cCalifornia, estimating
the average number of individuals exchanging genes (Nm) among the
Califﬁrnia populations of coho salmon studied‘was 1.3 fish per
generation. Nielsen (1994 in press) also found that genetic
exchange among coho salmon sampled from 10 streams in Mendocino
County, ranged from 0.5 to 2.9, with a mean of Nm >1.6 per
geperaﬁion.- The distribution of gene flow was similar to the
distributions reported by Slatkin (1981) who indicated that
genetic exchange among stocks with Nm >1, would be sufficient to
prevent genetic differentiation through the effects of genetic
drift alone‘(slatkin 1985). Bartley (1992) concluded that coho
salmon may not be genetically differentiated on a geographic- ‘
basis within their range in California, but may show
differentiation whén examined on a coastwide basis. Therefore,
attempting to characterize different subpopulations or eéeﬁ-coho
salmon from a broad section of California with isozyme technology
woﬁld be difficult.

Bartley (1987) found no patterns of allele frequency
throughout coho salmon groups studied.in California, but Utter et
al. (1970, 1973) and Allendorf and Utter (1979) found significant
differences in the frequency of transferrin alleles between
groups of coho salmon from Puget Sound and the Coluﬁbia River
system. Coho salmon populations in-California are largely
restricted to coastal rivers and do not utilize any river .system

with as many tributaries, or requiring as extensive an inland
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migration as the Célumbia ﬁiver system. Therefore, the potential .
for isolation and genetic differentiation between inland and
coastal populatlons found in more northern watersheds does not
seem to exlst for coho salmon populations in California.

The literature on genetic sﬁugies and planting records of
coho salmon shows that the majority7of coho salmon streaﬁs in
california have been planted w;th coho salmon stocks from outside
their native watershéds, and very few gengtic studies have_been
conducted on native Califofnia coho salmon stocks. The genetic
effects of étocking.non-native coho salmon on native coho salmon
pO“Llatlc 1s have been largely unknown, but are now being
investigated (Steward and Bjornn 1990, Nielsen 1994 in press).
Genetic changes in hatchery stocks of Pacific salmon have beén
documented and models have recently been constructed to aid in .
understanding the consequences of these changes for the
preservation of wild genotypes '(Waples 1990a, Waples 1990b,;'

Waples and Teel 1990).

EFFECTS OF ‘DISEASE
The petitioner stated that the effects of disease have led
to the decline of ceﬁtral Ca;ifornia coho salmon po@ulations. As
a rule disease is not prevalenﬁ among salmon populations in their
natural environment. Occasionally epidemics occur, often due to
unusﬁal environmental conditions, such as abnormally high water

temperatures, which could allow one oOr more disease organisms
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(ie. protozoa or bacteria) to flourish and cause considerable
mortalities. on salmonids due to physiological stress. In
hatcheries and rearing ponds,.in which 1argé nunbers of fish are
concentrated to a far greater extent than in their natural
environment, diseases are much more common.

Shapovalov and Taft (1954) reported that during their
investigations of coho salmon in Waddell Creek, there were no
known losses of coho salmon due to high water temperatures or
iack'of oxygen, and very little evidence of disease causing
mo;télity was observed. Furunculosis was cited as causing soﬁe
mortalities in unspawned adult steelhead, but was not observed in
the adult or juvenile ccho salmon popuiation( All adult coho
salmon were believed to havé succeeded in spawning before dying,
and no large mortalities of young salmon were cbserved in the
wild or in holding tanks. ‘

Fungus (Saprolegnia parasitica) was also cited as being
present in Waddell Creek by Shapovalov and Taft (1954), however,
it is present in most salmonid streams. It is a secondary
infection on breaks of the skin causedﬂby mechanical injury or
disease, and on eggs under abnormal environmental or hatchery
conditions.

In reviewing pathology reports for the Big Creek‘Hatchefy
(1L990-1993), the following list of ‘diseases were compiled by CDFG

(Cox 1993);
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Ectoparasites:

Gyrodactylus sp., Epistvlis sp., Costia necatrix,

Ichthyopthirius multifilis, chilodinella sp-,
Gill parasites. A |

loma sp., Amoeba,
Bacteria:’

Bacterial Kidney Disease (Renibacteriﬁm salméniarum),

Myxobécteria,(Flexiﬁacte; columnaris; E. pgzchroghila);
‘Environmental: -

Bacterial giil’diseasé (multiple species), gas bubble

disease.

Bacterial Kidney Disease (BKD), which is caused by the slow
growing Renibacterium salmoninarum is highly infectious and can
be transmitted directly by feeding of raw viscera from infected
fish, or horizontally from infected fish sharing-the same water
supply, and has conclusively been shown to be ?ransmitted
vertically (Elliott et al. 1989). _

_ Recently BKD has been detected .at the Big Creek Hatchery
(MBSTP} in both stgelheéd_and coho salmon populations (Cox 1992).
0of the returning cého salmon trapped in Scott Creek and the San
Lorenzo River in 1991-1992, clinical.BKD (gross pathologicaI
sympt;ms present) was obsérved'in g4.6 percent (11/13) of those
from Scott Creek and 27.3 pe;cent (6/22) of those from the San
Lorenzo River at the time of spawning (Cox- 1992). 'Thg overall

intcidence of BKD measured by DFAT (direct fluorescent antibody

r
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technique) among Scott Creek coho salmon was 100 percent (13/13)
and among San Lorenzo River fish was 95.5 percent (21/22).
Waddell Creek c¢oho salmon are also suspected of having near 100
percent infection of BKD (Streig pers. comm.).

Sampling of cohc salmon populapions from north coast
watersheds, including the Warm Springs Hatchery in the Russian
Rlver watershed, have shown that BKD is present in most dralnages
(Cox pers. comm.). Despite many years of research on BKD, the
pathogenesis and epizootiology remain_poorly understood, and is
considered to be the most difficult of bacterial fish diseases to
control (Elliott et al. 1989).

Sﬁartipg in 1992, CDFG initiated a treatment protocol to try
and control BKD outbreaks within the Big Creek and Warm Springs
Hatcheries (Cox 1992). Treetments include erythromycin |
injections to female coho salmon prior to spawning, and
prophylactic feeding of erythromycin te juvenile coho salmon.
P;ior to erythromycin injections, Cox (pers. comm,) found that
fish located abdve the Big Creek Hatchery were less infected than
fish below, add in 1993 data has shown that the incidence rate
has been reversed within the watershed. The problem with using
erythromycin injéctiens is that they have to be given to the
female 2 to 3 weeks prior to spawhing. Many of the adult coho
salmon entering Scott Creek, and most small coastal watersheds,
usually spawn within a few days of entering the streams and

‘therefore are not held long enough to apply effective treatments.
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Prior to treatment of coho salmon in the Big Creek Hatchery,
egyg viability was found to be very low (< 70 percenﬁ) due to the
transmission of BKD from the female’s coelomic fluid into the
eggs micropyle (Streig pers. comm.). Evelyn et al;.(lQBS) found
similar results in coho salmon from British Columbia, and that
the male salmon played a relatively ﬁnimportant role in the
vertical transmission of BKD to the offspring. Since the
erythromycin injections started, greater egg viability and .
successful spawning has resulted in EOho salmon within the Big
Creek Hatchery (Streig pers. comm.). ﬁowever, many of the coho
salmon juveniles still harbor BKD, and there is prcbably a high
mortality rate of smolting coho salmon when they enter the ocean.
once tﬁe queniles migrate to sea, the rate of mortality on these
infected fish is largely unknown, but is considered to be

relatively high (Cox pers. comm.).
DISCUSSION

In this section, ﬁe address the two key gquestions raised at
the start of this status review: Do Scott Creek and Waddell Creek
represént a species as defined by the ESA? and, if so,vis the
species threatened or endangered? We begin by summarizing
evidénce developed in the status review that is relevant to the
two criteria that must be met for a population to be considered

an ESU, and hence a species under the ESA.
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Reproductive Isolation

Straying‘gatgs

'~ straying in coho salmon is well documented when access to
natal streams is obstructed (Martin 1984). Quinn and Tallman
(1987) evaluated the reported homing and straying of coho saimoh
from California to British Columbia, and found that homing under
normal conditions was fairly accurate, ranging between 73 to
100%. Shapovalov and Taft (1954) studied the extent of homing'
andvétraying of coho‘saimon between Scott and Waddell Creeks,
which are 7 Km apart. They reported that 85% of the fish marked
at Waddell Creek returned there and 15% strayed to Scott Creek.
Of the coho marked at Scott Creek, 73% refurned there and 27%

strayed to Waddell Creek. However, several marked coho salmon .

from Waddell Creek were captured in the Noyo River, california,
322-km to the north in 1937, and near the San Lorenzo River, in
Santa Cruz County, 24 km to the south during their studies.

These additional strays were not accounted for in their analysis,
and they did not evaluate the stfaying of coho salmon into other
local watersheds. The percentage of straying by coho salmon
reported by Shapovalov and Taft (1954) should be considered a
minimum straying rate and not an actual straying rate. As
recently as 1992, marked coho salmon from Scott Creek have also
been trapped in the San Lorenzo Rivér. Therefore, reproductive
isolation from other coastal coho salmon populations, even as far

as north of the San Francisco Bay salmon streams, is not

54 - @



absolute. However, the straying rate with other ccho salmon from

- watersheds south of San Francisco Bay is quite diminished due to

the loss of most of the cohe'salmon populations within these

"watérsheds.

Barriers to Migration

The petitionef felt that "because all streams séuth.of San
Francisco Bay had lost their coho salmon populations and all
other coho salmon populatlons were separated by more than 50
miles, that coho salmon from Scott and Waddell Creeks should be
ccn31aered a reproductlvely isolated stock of Pacific salwmon.”
However, coho salmon from Scott and Waddell Creeks have been
observed as far north as Fort Bragg (322 Km), and south (24 Kn)
to fhe San Lorenzo River (which has been exténsifely stocked with
coho salmon from numerous other northern wateérsheds, and‘still
annﬁally stocked with Noyo River and Scott Creek ccho salmon).
Therefore, distance in the ocean is not a good measure of
reproductive isolation from other cocho salmon populations, though

the chance. of straying to other northern coho salmon populations,

to a large extent, is greatly reduced.

Many small coastal streams.in California and Oregon are
closed by sand bars at their mouths during a portion of the year.
Generally, fish cannot enter the stream until the sand bar %s
broken, usually by the first heavy rains. Although the formation
of a sand bar may temporarily act as a migration barrier, it does

not represent a reproductive isolation mechanism.
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Genetic Data

The petitioners reported that Bartley found 0.0Q0
heterozygosity .for coha  salmon in Scott Creek. The protein
eleqtroéhoretic study conductedlby Bartley (1987) showed that the
largest level of differentiation; though quite low, was between
Scott Creek (0.000) and Waddell Creek (0.050), the two California
populations that were in the closest proximity.

The results from the limited number &f allozyme studies
conducted on coho salmon populations in california were similar -
(to results obtained in Oregon, Washington, and British Columbia.
Ho%eve;, little pattern in the distribution of variant alleles or
genetic variation was observed, and oﬁly weak associations
between genetic identity and geographic location were found.

Genetic variability found was low throughout California, and
‘was usually due to a few rare and uncomnion alleles. The average
- estimated number of individuals exchanging gepés among the
california populations of coho salmon studied was > 1.0 fish per
generation, which is large enough to prevent the tendency for
fixation of different alleles in different populationé. ‘overall,
the genetic data compiled for this status review failed to
demonstrate that the Scott and Waddell Creeks coho salmon
populations as a group are distinct from other coastal caono

salmon populations.

56




. rmm -y

Life History Traits -

The petitioners sﬁated that coho salmon spawning priﬁar}ly
occurs in January and Feﬁruary in Scott and Waddell Creeks, and
the late spawning time should indicate reproductive isolation.

In ﬁaddeli Creek, Shapovalov aﬁd Taft (1954) reported that 96
percent of all adult coho salmon were tfapped during niné weeks
from December 10 through February 10, mostly during the heaviest
precipitation period. Shapovalov and Taft (1954) also reported
that 83 percent of returning aduit c¢oho salmon passed upstream oOf
the Benbow Dam on the south fork of the Eel River from November
26 "through January 6 (1938-1944), and 81 peicent of the returning'
aduit coho salmon paésed the Sweésey Dam on the Mad River from
November 12 through Decenber 23.(1941"1953). Shapovalov and Taft

(1954) reported that coho salmon migrations started in November

‘and continued through the beginning of March in the Eel River and

the end of February in the Mad River, with peak spawning taking

place in December and January in both systems. Adult coho salmon
were trapped in Freshwater Creék (tributary to Humboldt Bay) in
conjunction with peak storm flows, usually in December and
January (Hull et al. 1989). Allen (1958) reported that adulf
coho salmon were trapped in Pﬁdding Creek (Mendocino County)
starting in mid-November through mid-February with increased
stream flow. Bratovich and Kelley 11988)‘reported that coho
salmon migrations begin in November and continued through
January, with peak spawning taking élace in December through

January in Lagunitas Creek (Marin County) during peak storm
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flows. Researchers generally attribute the differences in

spawﬁing migrations to the increase of stormflow runoff (usually .
occurring earlier in the northern range of coho salmon

' populatioﬁs), which allows the salmon to accéss lagoons/estuaries

and higher up the river systems to their natal tributaries.

‘ There has been an apparent shift in peak spawning migration
timing within Scott and Waddell Creeks to latef in the season
since the studies of Shapovalov and Taft in the 1930’s and
1940’s. Spawning migrations in most Califorﬁia coastal streams
and-rivers have shiftéd to later in the spawning season, possibly-
due to degraded conditions within the watersheds, rivers, and
. estuaries. .The loss of large organic debris within stream
systems which helps flﬁsh out sediment and creates deep hol&inQ.

pools, excessive diversion of drought limited flows which

increases water témperature and decreases available habitat, and
the reduction in area and volume of most estuaries and fiférs due
to filling with sediment, may have created conditions in which
coho salmon can.no longer access or surviye in rivers until the

_start of heavy winter rains.

summary !
Available information does not make a strong case for

reproductive isolation of Scott Creek and Waddell Creek coho

salmonp The loss of other coho salmon populations south of San

Francisco Bay has decreased the chance of Scott and Waddell

Creeks coho salmon mixing with populations from nearby
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watersheds, but thé distanges to other north-coast coho salmon
st;eams are well within their migration range, as evidenced by
théir reported straying-over the last 50 years. The resulté from
the limited number 6f allozyme studies conducted on coho salmon
populations in California were‘similar to results obtained in
Oregon, Washington, and British Columbia. However, genetic data
faii to show that Scott and Waddell Creeks coho salmon as a group
are distinct from ofher coastal coho salmon populations. .
Although other explanatioﬁs are possible, the year to year
variation in the timing of coho salmon spawning migrations in
Scott and Waddall Creeks are similar and within range of run
timés reported for other ccho salmon populétions'in California
and Oregon. The modest difference in peak spawn timing cited by’
the petitioner may reflect (or may be the result of) reproductive
isolation, but the best available data is inconclusive regarding
the cause of this difference. Although this does not prove that
Scott Creek and Waddell Creek coho salmon are not reproductively
isolated, it does mean that evidence to support reproductive

isolation must be found elsewhere.
Evolutionary Significance

Habitat Characteristics
Adaptations to environmental conditions such as differences
in the success of coho salmon redd survival in highly mobile

sediment bedloads and extreme hydrological cycles,-and survival
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of juveniles in warm summer water temperatures may contribute

substantially to the ecological/genetic diversity of coho salmon
species. However, many of the streams and rivers in california
now exhibit similar elevated summer/fall water temperatures and
extreme winter-flow bedload movements and hydfologic cycles.
Human disturbance of these fragile aquatic ecosystems is evidenﬁ
on a large geographic scale. Management of most California
wate;sheds over the last 100 years has created poor in-river
Eonditions,.which have negatively affected the life-history and

. success of self-perpetuating cocho salmon populations. The acﬁive
plate-tectonics, cowmbined with the highly erodible soils and
unstable slopes found within central éalifornia watersheds, is
indicative of most California coastal watersheds. The success of

early spawning coho salmon in Scott and Waddell Creeks is

undoubtedly low compared to later spawning fish, but this pattern
of differential survival may also occur in other california and

Oregon streams and rivers.

Distinctive Life History Traits

Many of the life history traits cited by the petitioner as
evidence for reproductive isolation are also important to
consider with respect to the contribution of Scott Creek and
Wéddell Creek coho salmon to ecological/genetic diversity of the
species. The petitioners state that "the production of 2,700
eggs per female shows the smallér average size of central

California coho salmon, and therefore indicates evolutionary
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significance." Shapovalov and Taft (1954) found that egg
production for Scott and Waddell Creek’s coho salmon was between
2,782-2,789 eggs per female, and reported that egg production of
Scott and Waddell Creek’s coho salmon,were withiﬁ the range |
reported for other coho salmon populations throughout the west
coast. Salo and Bayliff (1958) reported that the mean number of
‘eggs produced by coho salmon in Minter Creek, Washington, was
2,500 per female. Fraser et al. (1983) reported that the mean
number of eggs produced by coho salmon in the Big Quallcum River,
British Columbla, was 2,574 per female. Shapovalov and Taft ~
(1954, P- 62) stated "due cautiOﬂ rmust be observed in using data
‘pertaining te egg content to indicate racial differences between
populations in different rivers." They recognlzed that each
river system is highly varlable in year to year production, and
that a smaller size of adult spawner may result from over-
harvesting the larger individuals. We have no data to indicate
that Scott and Waddell Creeks coho salmon egg production is
related to the smallef'average size of these fish in comparison .

to other coastal ccho- salmon populationss

_Genetic Data

It -is generally presumed that genetic characters detected by
protein electrophoresis are largely neutral with respect to
natural selection and therefore do not provide direct evidence
about important adaptions. The occurrence .of substantial genetic

differences at neutral markers would suggest that'there has been
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amplé opportunity for selection to foster adaptive differences at

other parts of the genome. Genetic data reviewed on coho salmon.

in Scott and Waddell Creeks, provides no evidence to suggest such.

adaptive differences.

Effects of Artificial Propagation-

Although Scott and Waddell Creeks are generally considered
to have the last remaining naturally reproducing coho salmon
pépulations south of San Fraﬁéisco, gxtensive hatchgry plants of
non-native stocks have taken place from the early 1900’s through
the 1970’s from a variety watersheds throughout the west coast.
The limited stocking recordé found during this status'review
indicate that over two million coho salmon have been stocked in
Santa Cruz County streams. Scott Creek was stocked with
apﬁroximately 400,000 coho salmon ffom 1915-1940, and over 10,000
coho salimon were planted during the late 1960’s from the Darrah
Springs Fish Hatchery and Noyo River. Waddell Creek was stocked
with approximately 116,000 coho salmon from 1913-1933, and again
with more than 10,000 coho salmon during the late 1960’s from the
Darrah Springs Fish Hatchery. An unknown number of coho salmon
were planted in Wadaell Creek in 1970 and 1972 from the Noyo and
Trinity River Hatcheries. Scott Creek and Waddell Creek have not
been stﬁcked with non-native coho salmon stocks since the early
1970’s. Many of the coho salmon releases in Santa Cruz dounty
" streams during the early 1900‘s involved early life history

stages whose survival rate was likely very low. However, since
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the 1950’s, juveniles planted in the;e streams and have probably
contributed to the decline in returning numbérs-of coho salmon
and to the current genetic makeup of coho salmon populations
within these streams.

The large numbers of steelhead that have been planted in
écott and Waddell Creeks has also poésibly contributed to the
decline in returning ccho salmon adults. Electrofishing and
trapping results show.a disproportionate number of steelhead to .
coho salmon juveniles. During the Shapovalov and Tafﬁrstudy of

Waddell Creek, the reported ratio of steelhead to coho salmon was

2:1. More recent data indicates that the ratioc of steelhead to

coho salmon has incréased four fold. This increasé péssibly has
an effect in the reproductive success-(redd super—-imposition) and
rea;ing capabilities kinter- and intra-specific competition) of
coho salmon in Scott and Waddell Creeks. Degraded habitat
conditions. due to poor land-use management, in_addition to
increased steelhead production and plants exacebateé the problemn.
BKD was not found within the watersheds’ salmonid
populations until receﬁtly, suggesting- that inter-basin stock
transfers possibly introduced the disease problem. The high
incidence rate of BKD among the populations within these
watersheds suggests two things: 1) that populations of different
genétic orgin have successfully intérbreed with native Scott
Creek and Waddell Creek coho salmon, and/or 2} hatchery practices
within ﬁhe watersheds have horizontally spread BKD to the native

populations. The low level of genetic variability found
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throughout California, including Scott and Waddell Creeks, and
the high rate gene exchanqe-among the California populations of
coho salmon studied (Nm > 1.0) suggests that some level of
intérbreeding has occﬁrred between hatchery and native coho

salmon.populations.

summary

It is génerally accepted that naturally occurring species
usualif have some genetic variation that allows the species to
persist in marginal habifats and environmental conditions that
found at the periphery of its range. However, mahy of the
distinctive habitat characteristics and life history traits
exhibited by coho salmon in Scoét and Waddell Creeks are not
unique, but are shared with most cocho salmon populations in
California and Oregon. Thé extreme hydrologic cycles and
resulting bedload ﬁovements ﬁndoubtedly hés an effect on the
success of early spéwning coho salﬁon in Scott and Waddell
-Creeks, but these conditions are exhibited in most of
california’s coastal streams and rivers. Excessive use of
drought limited flows in Scott and Waddell Creeks, as well as
othér systems, has probably exacerbated the problems of poor land
use management and stream habitat conditions. The number of eggs
produced by a femalg coho‘salmon, in and by itself, does not
indicate differences between populations from other watersheds.
The number of eggs produced by Scott Creek and Waddell Creek coho

salmon were within the range reported from other coho salmon
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populations along the entire west coast. Even though Scott and
‘Waddell Creeks have not been planted with outside sources of coho
salmon since the early to mid*1970'5, the effects of continuous
" hatchery ﬁlants may have affected any distinctive phenotypic and

life history traits.

CONCLUSIONS

In reviewing the literature on the abundance of coho salmoh
in california, there is an indication that populatidnllevels are
approximately one-third of their 1965 levels. Presently, the
average‘annuél total run of natural coho salmon spawners in all
California streams is estimated to be 30,500, and fish from
hatchery populations make up roughly fifty-seven percent of this
total. Total estimated wild coho salmon number less than sdoo
thrdughout Califofnia, and are primarily in individual
populations containing less than 100 individuals.

Most of the natural production of coho salmon in streams
south of San Francisco Bay have now been lost. Of tbe 13 streams
known to have  supported coho salmon populations until the 1970’s,
only three systems (23%) still ﬁaVE returning runs. Scott Creék '
and Waddell Creek still maintain natural runs of coho salmon, and
a hatchery population exists in the San Lorenzo River. The
numbers of returning adult coho salmon to Scott Creek, Waddell

Creek, and the San Lorenzo River have declined over the last 50—
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60 yeafs, with estimated reductions of 93%, 84%, and 85%,
respectively. .
Available information doces not make a strong case for
feprcdﬁcﬁive isolation of Scott and Waddell Creeks coho salmon.
Marked coho salmon from Scott and Waddell Creeks have been cauéht.
in the Noyo River 322 km to the north near Fort Bragg,
California, and in the San Lorenzo River 24 km to the south in
the City of Santa Cruz, California. Therefore, distance in the
oceaﬁ is not a good measure of reproductive isolation from other
coho salmon populations. The San Lorenzo River coho salmon
pépulation is primarily a hatchéry maintained population and has
" been extensively stocked with coho salmon from numerous other
northern watersheds for over 70 years. Although the loss of

other ccho salmon populations south of San Francisco Bay has

isolated these coﬁo salmon populations, Ehe distance of the Scott
and Waddeli Creeks populations to other north—boast coho salmon
streams is well within their migration range based on their

~ reported straying over the laét 50 years.

Many small coastal streams in California and Oregﬁn aré
closed by sand bars at their mouths during a portion of the year.
Generall&, fish cannot enter the stream until the saﬁd bar is
broken, usually by tﬁe first heavy rains. Although the formation
of a sand bar may temporarily act as a migration barrier, it does
not represent a reproductive isolation mechanism.

The timing of coho salmon spawning, runs may be partly

genetically based, but it is also subject to modification by
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streamflow, water temperature, and other environmental variables.

Data from other river systems indicate that the timing of

_spawning migrations are generally attributed to the increase of’

sto;mfldw runoff (usually occurring earlier in the northern range
of coho - salmon populations), which allows the salmon to migrate
through the lagoons/estuaries and higher up the river systems to

their natal tributaries. Since the earlier studies of the 1930's

-and 1940’s, there has been an apparent shift in peak spawning

migraﬁion timing within Scott and Waddell Creeks to several weeks

‘later in the season. ' Spawning migrétions:in most California

‘ coastal streams and rivers have shifted to later in the spawning

season, possibly due to degraded conditions within the
watersheds, rivers, and estuaries. The loss of large woody

debris within stream systems which helps flush out sediment and

‘creates deep holding pools, excessive diversion of drought

-1imited flows which increases water temperatures, and the

reduction in area and volume of most estuaries and rivers due to
filling with sediment, may have created conditions in which coho
salmon can no longer access or survive in rivers ﬁntil the start
of heavy winter rains. Although other explanations are possible,
the year to year variation in the timing of coho spawning
migrations in Scott and Waddell Creeks are similar and within the
range of run times reported for other coho salmon populations in
California and Oregon. The modest difference in peak spawn

timing cited by the petitioner may reflect (or may be the result
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Table 2.

Scott Creek Egg Taking History and Estimated Number of
.Adult Spawners Used from .1908-1940. (Streig 1991)
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Estimated? Estimated®
Year Species # Green Eggs # Females Total #
1905-1907 No Data
1908 Steelhead 725,000 . 145 290
Coho None Spawned
1909 steelhead 2,182,000 437 . 874
Coho - 1,400,000 518 . 1036
1910 Steelhead 2,709,300 542 1084
Coho None Spawned
1911-191i4 No Data
1915 Steelhead. 3,357,000 672 1344
Coho None SPawped
1916 Steelhead 3,111,000 632 1264
' Coho None Spawned
1917 Steelhead 2,250,000 450 900
Coho None Spawned
1918 Steelhead 3,900,000 780 1560
Cohio None Spawned
1919 Steelhead 3,900,000 780 1560
Coho None Spawned
1920 Steelhead 1,060,000 212 424
Coho None Spawnad
1921 Steelhead 4,200,000 840 1680
Coho None Spawned
11922-1923 No Data |
1924 Steelhead 2,590,000 518 1036
Coho None Spawned
1925 Steelhead 3,000,000 600 1200
Caoho None Spawned
" 1926 Stealhead 1,300,000 260 520
Cocho None Spawned




other california coho salmon populations, as well as the effects
of hatchery influence on these populations. Distinctive -
differenceés in habitat characteristics included spawning in

habitats characterized by highly mobile sediment bedloads and

" extreme hydrological cycles. Distinctive life history

characteristics included the reduced number of eggs produced by
female coho salmon that spawn in Scott and Waddell Creeks.

Many of the habitat characteristics and life history traits
exhibited by coho salmen in Scott and Waddell Creeks aré found in
other coho salmon populations in California. Many of the streans
and rivers in California exhibit similar elevated summer/fall
water temperatures énd extreme winter-flow bedload movements and
hydrologic eycles. The extreme hydrologic cycles gnd resultant
badload movement found in Scott and Waddell Creeks undoubtedly
affect the success -of early spawning coho salmon in these
watersheds, however, these conditions are very similar to those
found in most of california’s coastal streams and rivers.
Excessive use of drought limited flowé in Scott and Waddell
Creeks, as well as othér systems, has probably exacerbated the
problems of poor land use management and stream habit?t
condiﬁions. )

We have no data to indicate that Scott and Waddell Creeks
coho salmon egg production is related to the smaller average size
of these fish in comparison to other coastal cpho salmon
populations. The number of eggs produced by a female coho

salmon, in and by itself, does not indicate that there are




differences. between populations from other watersheds. Each

river system is highly variable in year to year preduction and a
smaller size of adult spawner may result from the overharvesting
of larger individuals. The number of eggs produced by Scott
Creek and Waddell Creek coho salmon were within the.range
reported from other coho salmon populations along the entire west
coast. |

NMFS found some records of hatchery releases of other coho
salmon stocks into Scott ‘and Waddell Creeks, as well as most of
"tha central ‘California coastal streams, from the early 1900‘s
" through the early 1970}5. The limited number off fish stocking
records 'indicated that Scott and Waddell Creeks were planted_ﬁith
_approximately a total of 500,000 and 130,000 coho salmon fry and

juveniles, respectively, from numerous other watersheds. More

than 2,000,000 coho salmon fry and 3uven11es have been planted in
Santa Cruz County streams with coho salmon stocks from
Washington, Oregon, and northern California. The magnitude (and
likely effect) of early coho salmon fry releases was probably
fairly small. However, starting in the 1950’s exteﬁsive juvenile
coho salmon plants began. Even though Scott and Waddell Creeks
have not been planted with outside sources of coho salmon since
the early to mid-1970’s, the effects of continuous hatchery
plants brior to that time may have affected any distinctive
phenotypic and life history traits that originally existed in

i

these populations.
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After ‘a thorough analysis of all information available, NMFS

. has determined that the Scott and Waddell Creeks coho salmon

populations’do not represent a ''species" under the ESA, and

- therefore, a proposal to list these populations under the ESA is

not warranted at this time. However, these populations may be
part of a larger ESU whose extent has not yeé been determined.
Whether this larger ESU merits protection under-the ESA cannot be
determined at this time. NMFS will attempt to identify the
larger ESU that contains the Scott and Waddell Creeks coho salﬁon
populations as part. of the ongoing status review that is
addre551ng all coastal coho salmon populatlons in Callfornla,

Oregon,.Washlngton, and Idaho.
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Figure-1 Location map of Scott Creek and Waddell Creek, Santa
: Cruz County, California. . .
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Table 1.

History of Fish Plantings from 1909 through 1%41 in

Santa Cruz cCounty,

California.

(individual hatcheries

listed have their own history of stock transfers)

73

Year Species # Fish Location of Plant Origin?®
1905-1908 No Data
1909 Steelhead 862,000 Santa Cruz Co.
Coho 600,000 Santa Cruz Co.
1910 Steelhead 753,500 Santa Cruz Co.
Coho No Data )
1911 No Data
1912 Steelhead 803,500 Santa Cruz Co.
Coho No Data .
1913 Steelhead 121,000 Scott Creek
24,000 Waddell Creek
493,000 Santa Cruz Co.
Caho 15,000 Waddell Creek Sisson
25,000 Scott Creek Sisson
Chinook 294,600 San Lorenzo River Sisson
1914 No Data
1915 Steelhead 22,000 Waddell Creek
148,000 Scott Creek
485,000 Santa Cruz Co.
Coho 25,000 Scott Creek Sisson
18,000 Waddell Creek Sisson
28,000 -San Lorenzo River Sisson
1916 Steelhead 877,000 Santa Cruz Co.
Coho No Data
1917 Steelhead 500,000 Santa Cruz Co. *
Coho 25,000 Santa Cruz Co. Sisson
1918 Steelhead 710,000 Santa Cruz Co.
" Coho No Data ,
Chinook 135,000 San Lorenzo River Mt. ShastaP
1919 Steelhead 535,000 Santa Cruz Co.
Coho No Data
1920 ~ No Data



(Table 1. continued)

Year Species # Fish Location of Plant Oorigin?

1921 Steelhead 500,000 Santa Cruz Co.
Coho No Data .

1922-1923 No Data

1924" Steelhead 500,000 Santa Cruz Co.
Coho No Dgta -

1925 Steelhead 1,295,000 Santa Cruz Co.
Coho ‘ No Data

1926 Steelhead 903,000 Santa Cruz Co.:
Coho Mo Data

1927 Né Data

1928 Steelhead 25,000 San Lorenzo River

Furunculosis kills Big Creek Hatchery stock: 25,000, survived
Brookdale Hatchery

1929

1930

1931

1932

steelhead 152,000

Coho No Data
Steelhead 391,000
Coho 25,000
22,700
233,500
Steelhead 506,000
Coho 36,700
30,000
27,625
9,000
54,750
50,000

No Data
Steelhead 630,000
Ccho 15,000
19,500
6,500

Atlantic Salmon 1,500

Santa Cruz Co. ME.

Santa Cruz Co.
Scott Creek
Waddell Creek

San Lorenzo River

Santa Cruz Co.
Scott Creek
Waddell Creek
Pajaro River

- Soquel Creek

San Lorenzo River
San Lorenzo River  Ft.

Santa Cruz cCo.

Scott Creek Ft.
San Lorenzo River Ft.
Soquel Creek Ft.
Scott Creek Mt.

74

Shasta

Seward

Seward
Seward
Seward
Shasta




(Table 1. continued)
Year Species " # Fish Location of Plant Origin?®
B 1933 Steelhead 307,928 Santa Cruz Co.
Coho 18,592  Scott Creek Prairie Creek
16,005 Waddell Creek Prairie Creek
21,030 San Lorenzo River  Prairie Creek
19234 Steelhead 260,611 Santa Cruz Co.
Coho 15,020 Scott Creek,
. 12,730 Soquel Creek .
12,345 San Lorenzo River X
50,000 San Lorenzo River Prairie Creek
1935 Steelhead 922,492‘ Santa Cruz Co. _
Coho 10,000 Scott Creek - Prairie Creek
22,025 San Lorenzo River Prairie Creek
1936 Steelhead 766,070 Santa Cruz Co.
‘ Coho 5,248 Scott Creek
40,095 San Lorenzo River
. 1937 Steelhead 1,076,322 Santa Cruz Co.
Coho 81,275 Scott Creek
44,710 San Lorenzo River D
Chinook 22,164 San Lorenzo River Mt. Shasta
1938 Steelhead 872,742 Santa Cruz Co.
Coho 77,060 Scott Creek
40,840 - Soquel Creek Prairie Creek
45,800 San Lorenzo River Prairie Creek
1939 Steelhead 749,546 Santa Cruz Co.
Coho 53,518 Scott Creek
18,900 San Vicente Creek
50,000 Soquel Creek
1940 Steelhead 311,777 Santa Cruz Co.
Coho No Data
1941 Steelhead 328,765 Santa Cruz Co. Prairie Creek
Coho 14,685 San Lorenzo River Prairie Creek
1942 Brookdale was shutdown

a

either Big Creek or Brookdale Hatchery.

o .

Sisson Hatchery name

If no hatchery is listed, fish are Scott Creek stock from

nged to Mount Shasta'Hatchery.



Table 2.

Scott Creek Egg Taking History and Estimated Number of
.Adult Spawners Used from .1908-1940. (Streig 1991)

76

Estimated? Estimated®
Year Species # Green Eggs # Females Total #
1905-1907 No Data
1908 Steelhead 725,000 . 145 290
Coho None Spawned
1909 steelhead 2,182,000 437 . 874
Coho - 1,400,000 518 . 1036
1910 Steelhead 2,709,300 542 1084
Coho None Spawned
1911-191i4 No Data
1915 Steelhead. 3,357,000 672 1344
Coho None SPawped
1916 Steelhead 3,111,000 632 1264
' Coho None Spawned
1917 Steelhead 2,250,000 450 900
Coho None Spawned
1918 Steelhead 3,900,000 780 1560
Cohio None Spawned
1919 Steelhead 3,900,000 780 1560
Coho None Spawned
1920 Steelhead 1,060,000 212 424
Coho None Spawnad
1921 Steelhead 4,200,000 840 1680
Coho None Spawned
11922-1923 No Data |
1924 Steelhead 2,590,000 518 1036
Coho None Spawned
1925 Steelhead 3,000,000 600 1200
Caoho None Spawned
" 1926 Stealhead 1,300,000 260 520
Cocho None Spawned




(Table 2. continued)
. Estimated? Estimated®
Year Species # Green Eggs # Females Total %
1927-1928 No Data
. 1929 Steelhead 4,167,000 834 1668

- Coho 298,000 11l 222

13830 Steelhead 4,167,000 278 556
Coho 134,000 50 100

1931 No Data

1932 Steelhead 2,025,000 405 310"
Coho None Spawned

1933. Steelhead 1,225,000 245 490
Coho None Spawned .

1934 Steelhead 808,000 162 324
Coho 124,000 46 92

1935 Steelhead 1,987,000 "398 796 -
Coho ) None Spawned

1936 Steelhead 1,777,500 356 712
coho 64,000 24 48

1937 Steelhead 1,711,000 343 686
Coho 148,000 55 110

1938 Steelhead '1,545,000 309 618
Coho - 97,500 36 72

1939 Steelhead 1,745,000 349 698 -
Coho 207,060 77 154

1940 Steelhead 418,000 84 168
Coho None Spawned

Big Creek Hatchery and Scott Creek fish trap destroyed by flood.

a

Estimated # of females (Steelhead averaged 5,000 eggs and

Coho averaged 2,700 eggs per female as reported by
Shapovalov and Taft 1954)

Shapovalov and Taft 1954)
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Estimated total number of adults used for egy p
(average sex ratio of 1:1 male/female as repor



Table 3.

History of Fish Plantings by SilverKing Oceanic Farms

(SKOF) in Davenport Landing Creek from 1980 'through
Santa Cruz County, California.

1988,

Year Species

Brood Year

Oorgin of Stock

Total Releases

1980

1981

1982

1983

1984

Steelhead
Coho”’

Chinocok

Steelhead
Coho

Chinook

Steelhead
Coho

Chinook

Steelhead
Coho
Chinook

Steelhead
Coho

Chinock

1978
1978
1979
1979
1979

1979
1979
1979

1580
1979
1979

1979
1979
1980
1980
1980
1980
1980
1980
1979
1980

1981
1980
1980
1980
1981
1s81
1980
1981
1982

1981
1982
1982
1982
1982

1984
1983
1983
1983

Whale Rock Reservoir

Univ. of Washington

Univ. of Washington

Cowlitz River

Univ. of Washington
X Klamath River

SKOF .

Bonneville

Univ. of Washington

Whale Rock Reservoir
SKOF _
Univ. of Washington
X Klamath River
Univ. of Washington
Alsea River
SKOF
Univ. of Washington
Toutle River
Oregon Adquaculture
Cowlitz River
Miscellaneous stocks
Univ. of Washington
Univ. of Washington

SKOF

SKOF

Cowlitz River

Univ. of Washington
Noyo River

" Univ. of Washington

Univ. of Washington
Univ. of Washington
Univ. of Washington

SKOF
SKOF
SKOF
Noyo River
SKOF

Dry Creek

SKOF : A
Univ. of Washington
SKOF

T
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235
100,000
29,497
21,818

33,989
59,781
38,000

136,338

1,030
49,401

21,500
3,383
81,840
5,333
64,255
15,378
11,062
13,191
3,150
4,000
1,153

453
2,371
2,800
4,650

15,304
77,743
355,900
203,149
137,021

16,579
2,619
17,959
8,000
37,050

15,777
201,824
95,625
14,014




cont. Table 3. ‘ ' : -

Year Species Brood Year Origin of Stock Total Releaseés
. 1985 Steelhead 1983 SKOF 121,000
Coho 1984 SKOF 63,000
chinook 1984 SKOF - : ‘ 51,225
1986 ‘Steelhead - 1984 SKOF 41,250
. Coho 1985 . SKOF 102,520
_ Chinook 1885 SKOF’ 502
1987 Steelhead . 1985 'SKOF ' 65,000
Coho . 1986 SKOF ‘ 10,000
Chinook 1986 SKOF' - 19,500

1988 Steelhead 1986 SKOF 211,000
: Coho 1987 ~ SKOF . 2,400

Chinook No Plants ‘

1989 SKOF no longer in operation.
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Table 4. History of Fish Plantings by the Monterey Bay Salmoﬁ

and Trout Project and California Department of Fish and
Game in Central California Coastal Watersheds from 1978
through 1993 (includes smolt, fingerling, and fry,
plants).
Year Species # Fish Location of Plant Origin of Stock
1978 Steelhead No Data .
Coho 1,500 Monterey Bay Ten Mile River
1979 Steelhead No Data ) '
. Coho 8,800 Monterey Bay Noyo River
198Q Steelhead No Data,
: Coho 9,540 ° Monterey Bay Noyo River
1981 Steelhead 17,040 Pajaro River Mad River
' Coho No Data :
1982 Steelhead 20,385 San Lorenzo River Mad River
22,650 Pajaro R. Mad River
Coho No Data ’
1983 No Data . -
1984 Steelhead 13,500 San Lorenzo River  Carmel River
26,625 San Lorenzo River Russian River
4,900 Big Creek Carmel River
3,260 Big Creek Scott Creek
41,277 Carmel River Carmel River
12,375 Soquel Creek Carmel River
7,500 Saquel Creek Russian River
8,200 Pajaro River Tribs. Carmel River
17,000 Parjaro River Russian River
Coho 17,160 San Lorenzo River  Russian River
1985 ‘Steelhead 24,586 San Lorenzo River Russian River
- .3,835 Big Creek Scott Creek
9,604" Soquel Creek Russian River
6,750 Pajaro River Russian River
5,145 Uvas Creek Russian River
5,635 Arroyo Seco River Russian River
~ Coho 428 . Big Creek Scott Creek
1986 Steelhead 28,900 San Lorenzo River Scott Creek
9,200 Big Creek Scott Creek
6,000 Soquel Creek Scott Creek
7,800 Uvas Creek Scott Creek
5,200 Llagas Creek Scott Creek
7,000 Corralitos Creek = Scott Creek
12,500 Arroyo Seco River Scott Creek
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(cont. Table 4)

-

16,955
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Year Species # Fish Location of Plant Origin of Stock
1986 . Coho 15,860 San Lorenzo River  Noyo River
1987 Steelhead 53,890 San Lorenzo River Scott Creek
9,212 Big Creek Scott Creek
21,450 Soquel Creek Scott Creek
28,600 Pajaro River Scott Creek
: 5,200 Arroyo Seco River  Scott Creek
Coho No Plants . .
1988 Steelhead 35,746 San Lorenzo River Scott Creek
' 1,000 Scott Creek Scott Creek
17,970 Soquel Creek Scott -Creek
5,700 Pajaro River Scott Creek
10,840 Uvas Creek ‘Scott Creek
5,000 Corralitos Creek Scott Creek
3,000 Browns Creek Scott Creek
12,040 Branciforte Creek Scott Creek
4,500 Salinas River Scott Creek
Coho 20,822 San Lorenzo River  Noyo River
5,997 San Lorenzo River  Scott Creek
2,450 Scott Creek Scott Creek
1989, Steelhead 37,245 san Lorenzo River  Scott Creek
4,930 Scott Creek’ Scott Creek
1,000 Sempervirons Res. Scott Creek
11,620 Soquel Creek Scott Creek
14,700 Pajaro River Scott Creek
Coho 25,362 San Lorenzo River Noyo River
2,756 Scott Creek Scott Creek
1990 Steelhead 53,645 San Lorenzo River San Lorenzo R.
8,715 San lLorenzo River Scott Creek
7,611 Scott Creek Scott Creek
1,000 Sempervirons Res. Scott Creek
14,710 Soquel Creek San Lorenzo R.
5,590 Soquel Creek Scott Creek
19,866 Pajarp River San Lorenzo R.
Coho 34,500 San Lorenzo River Prairie Creek
6,552 Scott Creek Scott Creek
1991 Steelhead 47,112 San .Lorenzo River San Lorenzo R.
. ' 19,048 San Lorenzo River Scott Creek
9,745 Scott Creek Scott Creek
18,080 Soquel Creek San Lorenzo R.
11,150 Pajaro River San Lorenzo R.
6,650 Corralitos Creek an Lorenzo R,
15,34% Salinas River San Lorenzo E.
Carmel River Carmel River



(cont. Table 4) .
Year Species # Fish Location of Plant Origin of Stock
1991 Coho 19,880 sSan Lorenzo River San Lorenzo R.
5,040 San Lorenzo River Scott Creek
5,460 Scott Creek Scott Creek
1992 Steelhead 60,861 San Lorenzo River San Lorenzo R.
7,502 Scott Creek : Scott Creek
11,648 Soquel Creek San Lorenzo R.
10,509 “Pajaro River San Lorenzo R.
7,728 Uvas Creek San Lorenzo R,
230 Tar Creek San Lorenzo R.
506 Little Arthur Creek San Lorenzo R.
5,115 Corralitos Creek San Lorenzo R.
828 Pescadero Creek * S8an Lorenzo R.
10,090 Salinas River San Lorenzo R.
102,777 Carmel River carmel River
Coho 1,872 San Lorenzo River San Lorenzo R.
1993 Steelhead 34,377 . San Lorenzo River San Lorenzo R.
: 3,360 San Lorenzo River  Scott Creek
10,070 Scott Creek Scott Creek
12,224 Soquel Creek Scott Creek
4,770 Pajaro River San Lorenzo R.
5,970 Uvas Creek San Lorenzo R.
3,350 Bean Creek San Lorenzo R.
1,241 Little Arthur Creek San Lorenzo R.
1,095 Bodfish Creek San Lorenzo R.
6,570 Corralitos Creek Scott Creek :
2,940 San Vicente Creek  Scott Creek
8,020 Arroyo Seco River  San Lorenzo R.
9,812 Carmel River Carmel River
Coho 11,808 San Lorenzo River San lLorenzo R.
1,860 Scott Creek Scott Creek
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Table 5. Total Number of Commercial and Recreational Landings of
Coho-Salmon in San Francisceo Bay and Monterey Bay
Ports, California. (1952-1965 reported by Jensen and
Startzell 1967; 1976-1992. reported by Pacific Fishery
Management Coun011 1993)

San Francisco Bag : Monterey Bay

Year "~ Commercial Recreaticnal Commercial Recreational
1952 928 No Data 158 No Data
1953 5,031 No Data 651 No Data
1954 1,322 No Data - 461 . No Data
1955 . 2,041 - No Data 648 No Data
1956 1,626 No Data - = 251 No Dbata
.1957 ' 9,235 , No Data 4,139 No Data
1958 3,564 No Data 324 - No Data.
1959 5,874 No Data a5 No Data
1960 4,503 No Data 178 No Data
1961 8,847 . No Dbata - 413 No Data
1962 1,503 41 255 0
1963 23,680 , 1,335 2,389 163
1964 47,912 8,322 ! 12,49L 6 225
1965 14,494 2,961 2,692 1,024

. 1966-1975 No Data

1976-1980 20,800 3,600 9,400 100

©1981~1985 7,700° 1,100 1,400 -~ - 100
.1986 . 5,100 400 1,300 <50
1987 . 1,200 100 100 < 50
1988 6,700 300 . ‘400 ‘ < 50
1989 6,500 900 © 500 < 50
1990 27,400 5,800 5,700 1,200
1991 53,000 7,700 21,400 2,900

1992 - 300 1,600 1,900 200

83



700

6500

11}
é 300
=
~
w
i@
3
=] 400
<
T8
=]
[+
a
20a
2
F4
200

100

\

2

L L

VAN A
v/

] hd ]

1933

1934 _ 1933

1936

1937 1338 1939 1340 1941

YEAAS

Figure 2. Numbers of adult coho salmon in Waddell creek,

California,

=3

o

1933-1941 (Shapovalov and Taft 1954).




Table 6. Number of Adult Cocho Salmeon Trapped by Monterey Bay"
Salmon and Trout Project and California Department of
Fish and Game in Scott Creek, California. (1984-1993)

Number of Number of Number of Total
Year ' Males Females Grilse . Ngmber
1984 1 3 . ‘ 4
1985 T 0 4
1986 1 o 0 : 1
1987 1 22 ' | ' 33
1988 4 . .6 v 10
1989 ' 10 ‘ 0 : 10
19890 63 s - . 96
1991 - 2 -0 ‘ 2
1992 9 1x 23 33
1993 24 40 - 64

* trapped in the San Lorenzo River
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Number of Adult Coho Salmon Trapped by Monteréy Bay

Table 7. .

Salmon and Trout Project and California Department of

Fish and Ccame in the San Lorenzo River, California.

(1987-1993)

Number of Number of Number of Total
Year Males Females Grilse Number
1987 36 11 47
1988 19 36 55
1989 26 4 30
1990 115 68 183
1991 6 17 23
1992 17 13 16 - 46
1993 14 11 25
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Table 8. List of twenty-one enzymes, (Enzyme Commission (E.C.)
: numbers, number of loci.scored, and enzyme
abbreviations) to electrophoretically survey coho
salmon in California by Bartley (1987).
E.C. Number Enzyme -
Enzyme Number of Loci Abbreviation
. Aspartate aminotransferase 2.6.1.1% 3 AAT
Aconitate hydraﬁase 4.2.1.3 1- AH
Alcohol delydrogenase 1.1.1.1 . 1 ADH
Adenylate kinase 2.7.4.3 2 -AK
Aldolase 4.1.2.13 1 FBALD
Creatine kinase 2.7.3.2 5 ‘ CK'l
. B~N~Acetyl-D-galactosaminidase 3.2.1.53 1 ~ BGALA
Glycerophosphate dehydrogenase 1.1.1.8 2 GPDH
Glucose phosphate isomerase 5.3.1.9 3 GPI
L-Iditol dehydrogenase 1.1.1.14 2 IDDH
Isocitrate dehydrogenase 1,1.1.42 4 IDH
Lactate dehydrogenase- 1.1.1.27 5 LDH
Malate dehydogenase 1.3.1.37 4 MDH
Mannose phosphate isomerase 5.3.1.8 1 MPI
6—Phospho—g1uconaté dehfdrogenase 1.1.1.44 1 PGDH
Phospho-glycerate kinase 2.7.2.3 1 PGK
Phosphoglucomutase 2.7.5.1 2 PGM
Super-oxide dismutase 1.15.1.1 1 SOD
Transferrin serum propein 1 TFN
Peptidase substrates
A glycl-leucine 3.4.11/3.4.13 2 PEPA
' PEPC
"D phenylalanyl-L-proline 3.4.11/3.4.13 1. PEPD
B leucyl-glycyl-glycine 1 PEPB
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Table 9. Collection sites for twenty-seven groups of coho salmon
in california (Bartley 1987). Groups are listed
individually south to north followed by their
approx1mate location;. N=the number of individuals
tested in each group.

Location , ‘ ' N
Scott Creek- Santa - -Cruz Co. 39
Waddell Creek- Santa Cruz Co. 10
Laguntas Creek- Tomales Bay ' 32
Tanner Creek- Salmon Creek 7 82
Willow Creek-~ Russian River . 38
Flynn Creek- N. Fork Navarro River - 23
" John Smith Creek- N. Fork Navarro River 15
Albion River- Mendocino Co. 30
Little River- Mendocino Co. ‘ : 51
Twolog Creek- Big River 23
Russian Gulch- Mendocino Co. ’ 31
Casper Creek- Mendocino Co. 82
Hare Creek- Mendocino Co. 28
Little N. Fork Noyo- N. Fork Noyo River 20
Kass Creek- S. Fork Noyo River : 17
Pudding Creek~ Mendocino Co. 47
- Little N. Fork Ten Mile Creek- N. Fork Ten Mile River 22
Cottoneva Creek- Mendocino Co. 28
. Huckleberry Creek- S. Fork Eel River : 52
Butler Creek- S. Fork Eel River 30
Redwood Creek- S. Fork Eel Blver 29
Elk River- Humboldt Bay ' - 30
Prairie Creek- Humboldt Co. - ) 3
. Rush Creek- Trinity River : ) 7
Trinity Hatchery- Trinity River ©oo111 .
Deadwood Creek- Trinity River 26

West Branch Mill Creek- Smith River 30
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Table 10.

Twenty—three 1

from California (Bartley 1887).

oci used for 27 samples of coho

50

salmon
Number of Number of Range of
Locus S%g éegegéth Poi?ﬁg%gﬁic' C??@Sﬁeﬁéizée NRngfegf
RAT=2 ' 7T 3 1.000 = 0.8%5 )
AAT-3 19 3 1.000 - 0.912 2
AH 24 2 1.000 - 0.826 3
CK-2 26 2. 1.000 - 0.644 2
CK-3 - 26 3 1.000 - 0.800 2
BGALA 22 2 1.000 ~ 0.625 2
GPI-2 27 5 1.000 -~ 0.875 3
GPI-3 27 7 1.000 - 0.643 4
IDDH~1 22 5 1.000 - 0.912 2
IDH-1 22 2 1.000 - 0.750 2
IDH-2 22 9 1.000 - 0.563 2
IDH-3 27 8 1.000 - 0.621 a
IDH-4 27 7 1.000 - 0.750 4
LDH-3 23 3 1.000 - 0.966 2
LDH-4 27 4 1.000 - 0.871 2
MDH-3 26 15 "1.000 - 0.700 !
MPI 22 1 1.000 - 0.924 3
PGDH 24 2 1.000 - 0.949 2
PGM-1 24 18 1.000 - 0.630 2
TFN 18 17 1.000 - 0.500 4
PEPA 26 5 1.000 - 0.864 4
PEPC 20 17 1.000 - 0.265 3
PEPD 12 5 1.000 - 0.850 3
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Table 11. Average hetero

seven groups o

zygosity (H) estimates for twent
f coho salmeon in California (Bar

1987).

‘ Number ot

Group Loci Scored
SCoEE Creek 35 :
Waddell Creek 40 .
Laguntas Creek 35 .
Tanner Creek 43 .
Willow Creek 33 .

Flynn Creek

John Smith Creek

Alblon River

Little River

Twolog Creek

Russian Gulch

Casper Creek

Hare Creek )
Little N. Fork Noyo River
Kass Creek . Co T
Pudding Creek co ,
Little N. Fork Ten Mile Cree

Cottoneva Creek .

Huckleberry Creek
Butler Creek

Redwood Creek

Elk River

Prajrie Creek

Rush Creek

Trinity Hatchery
Deadwood Creek ) ‘
West Branch Mill Creek

Average H
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